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PREFACE. 


— «-^,^VJ>' 


In   1874:  t  suggested  that  instructions  aUd  memoirs  on  the  various 

scientific  subjects  which  wel?e  to  occupy  the  attention  of  the  officers 

of  the  Arctic  Expedition  should  be  prepared,  so  £is  to  form  a  manual. 

The  biology,  botany,  geology,  mineralogy  and  physics  formed  one 

Volume,  edited  by  trofessor  Eupert  Jones,  and  printed  at  the  expense 

of  the  Government.     Some  of  the  papers  it  contained  are  reprinted 

here,  \it.,  those  by  Lord  Kelvin  and  Professor  Judd.    The  geography* 

and  ethnology  formed  another  volume,  edited  by  myself,  which  was 

printed  at  the  expense  of  the  Eoyal  Geographical  Societyi 

These  Arctic  manuals  served  their  purpose,  by  giving  easy  accesd 
to  information^  otherwise  inaccessible,  which  was  required  by  the 
officers  in  their  scientific  investigations*  Nor  did  theif  usefulness 
cease  with  the  return  of  the  expedition*  They  have  been  sought 
after  and  valued  by  subsequent  Arctic  explorers*  Baron  Iforden-* 
skjold  has  told  me  that,  during  the  voyage  of  the  Vega,  when  the 
Korth-East  Passage  wad  discovered,  the  books  most  in  request  were 
the  "  blue  book  *'  and  the  "  white  book,*'  as  they  called  the  Arctic 
manuals. 

I  was  convinced  that  an  '  Antarctic  Manual '  for  the  Expedition  of 
1901  would  be  even  more  useful.  If  prepared  with  the  same  object  in 
view  and  on  similar  lines. 

In  November  1900  I  was  so  fortunate  as  to  secure  the  services 
of  Mr.  G^eo^ge  Murray,  as  editor  of  such  a  manual  Mr.  Murray 
entered  fully  into  the  spirit  of  my  plan,  arranged  the  subjects  that 
would  require  treatment,  obtained  the  serviced  of  the  eminent  men 
of  science  who  have  contributed^  and  has  edited  the  whole  wotV. 


YIU  THE   ANTAUCTIC   MANUAL. 

In  accordance  with  the  plan,  the  manual  consists  of  instructions 
and  of  memoirs  containing  information.  In  the  instructions  are 
included  the  Astronomical  Data,  and  the  papers  on  Tidal,  Wave, 
Ice  and  Pendulum  Observations,  on  Terrestrial  Magnetism,  Climate, 
the  Aurora,  Atmospheric  Electricity,  Geology,  Volcanic  Action,  and 
Eock  Collecting,  and  Botany.  But  these  instmctions  include  much 
suggestive  information.  Especially  is  this  the  case  in  Dr.  Blanford's 
paper  on  Antarctic  Geology. 

In  his  Chemical  and  Physical  Notes  Mr.  Buchanan  properly 
assumes  a  due  knowledge  of  routine  operations  on  the  part  of  the 
physicist.  He  therefore  furnishes  him,  and  the  other  observers,  with 
"observations  by  the  way,"  as  he  calls  the  exceedingly  valuable 
information  and  suggestions  contained  in  his  paper.  It  would  not 
be  easy  to  exaggerate  the  value  of  Mr.  Buchanan's  contribution. 

The  biological  papers  on  the  Whales,  by  Dr.  Lydekker ;  on  the 
Seals,  by  Mr.  Barrett-Hamilton;  on  the  Antarctic  Birds,  by  Mr. 
Howard  Saunders ;  on  Deep-Sea  Fishes,  by  Mr.  Boulenger ;  on  the 
Abysmal  Fauna,  by  Mr.  Arthur  Shipley;  and  on  the  Zoology  of 
Kerguelen,  by  Professor  D'Arcy  Thompson,  are  most  interesting, 
and  will  be  of  almost  daily  use  to  the  officers  of  the  Expedition. 
There  is  also  a  valuable  paper  on  Sledge  Travelling,  by  Sir  Leopold 
M'CUntock. 

In  the  Geographical  Section,  the  narratives  of  Antarctic  voyages 
will  be  found,  which  would  be  otherwise  inaccessible,  either  from 
being  buried  in  voluminous  works  on  other  subjects,  or  in  series 
of  proceedings,  or  from  having  hitherto  remained  in  manuscript. 
To  the  former  category  belong  the  narratives  of  Balleny,  Dumont 
d'Urville  and  Wilkes;  in  the  latter  are  included  the  exceedingly 
interesting  narrative  of  Captain  Biscoe,  and  the  log  of  Balleny's 
mate,  printed  from  manuscripts  presented  to  the  Eoyal  Geographical 
Society  many  years  ago  by  Mr.  Charles  Enderby.  The  narratives 
of  Koss  and  Weddell  are  contained  in  volumes  of  convenient  size, 
which  are  supplied  to  the  Expedition.  The  section  also  contains  a 
paper  on  the  Exploration  of  Antarctic  Lands,  by  M.  Ar9towski ;  and 
one,  bj  Mr.  Bernacchi,  on  the  Topography  of  South  Victoria  Land. 


PREFACE.  IX 

The  Antarctic  maps,  accompanying  the  Manual,  have  been  com- 
piled with  great  care  by  Mr.  Batchelor,  under  my  superintendence. 

The  Manual  concludes  with  an  exhaustive  Antarctic  Bibliography, 
by  Dr.  Mill 

The  'Antarctic  Manual'  is  presented  to  the  Expedition  by  the 
President  and  Council  of  the  Eoyal  Geographical  Society;  and  is 
also  issued  to  Fellows  as  a  supplementary  volume. 

The  Editor,  Mr.  George  Murray,  to  whom  the  Expedition  already 
owes  so  much,  goes  out  £ts  Director  of  the  Civilian  Scientific  StafT, 
No  polar  vessel  ever  left  these  s^pres  so  well  adapted  and  prepared 
as  the  Discovery,  to  secure  the  valuable  scientific  results  that  are 
hoped  from  the  exertions  of  the  explorers;  and  I  trust  that  one 
useful  aid  to  our  gallant  friends,  when  in  the  far  South,  will  be 
Mr.  Greorge  Murray's  *  Antarctic  Manual.' 

CLEMENTS  R.   MARKHAM. 

/Wy  1901. 
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ICE   NOMENCLATUEE. 

BY 

Sir  CLEMENTS  R.  MARKHAM,  K.C.B.  F.R.S.,  and 
Hugh  Robert  MILL,  D.Sc.  LL.D. 


AblatioxL — Surface  waste  of  ice  or  snow  by  melting  or  evaporation. 
Anohor  loe  =  groand-ice. 

Aier. — ^Ridges  of  stone  or  gravel  believed  to  have  been  formed  by  glacial  action.  See 
Eiker. 

ATalanohe. — A  mass  of  snow,  n^ve,  or  ice  detached  from  its  position,  and  slipping  down 
a  slope. 

Barrier. — See  loe  CUff  or  Barrier. 

Bay  Hoe. — A  floe  newly  formed. 

Bay  loe. — ^The  young  ice  which  first  forms  on  the  surface  of  the  sea  in  autumn. 

Bergiohmnd. — The  wide  crevasse  usually  found  at  the  line  where  a  glacier  touches 
tlie  solid  rock  of  a  mountain  slope. 

Beset. — The  situation  of  a  ship  when  cloeely  surrounded  by  ice. 

Bight — An  indentation  in  a  floe  of  ice  (like  a  bay). 

Blizik. — loB  Blink. — A  peculiar  brightness  along  the  horizon,  which  shows  itself  over 
a  distant  ice  field.  The  blink  over  large  quantities  of  ice  and  over  land  is 
yellowish. 

Water  Skt  is  a  blue  streak  on  the  horizon,  denoting  open  water. 

Bore. — The  operation  of  boring  through  ice  consists  of  entering  it  under  press  of  sail  or 
steam,  and  forcing  the  ship  through  by  separating  the  masses. 

Boulder  Claj.—See  TilL 

Brash  loe. — Small  fragments  and  nodules,  the  wreck  of  other  kinds  of  ice. 

Call — A  mass  of  ice  l3ring  under  a  floe  near  its  margin,  and,  when  disengaged  from 
that  position,  rising  with  violence  to  the  surface. 

Calving  (of  icebergs). — When  a  large  or  small  block  of  ice  breaks  ofi"  from  a  parent  ice- 
berg.   The  word  may  also  be  applied  to  au  iceberg  breaking  off*  from  a  glacier. 

Chinese  Walls. — The  continuous  cliff  in  which  some  glaciers  or  ice  sheets  terminate 
when  their  bases  are  washed  by  the  sea. 

CrovaMe. — ^A  crack  or  rift  in  a  glacier  or  ice-sheet. 

Drift. — A  vague  geological  term,  inclusive  of  superficial  detrital  materials,  coarse  or  fine, 
deposited  by  water,  ice,  or  wind — more  commonly  tiie  former. 

Drift  Ice. — Pieces  smaller  than  a  fioe. 

Drumlin. — ^A  large  flat  mound  of  gravel  or  sand  formed  by  glacial  action. 

Erratic  Blooks.— Often  now  written  dimply  ^erratics. '  Portions  of  rocks,  usually  ice- 
worn,  which  have  been  transported  by  ice  from  their  oiiginal  position. 


ICE  NOMENCLATURE.  XV 

Iikm. — Long  moands  or  ridges,  sometimes  resemMing  moraines,  or  even  railway 
embankments  in  general  aspect,  composed  mostly  of  gravel,  with  more  or  less 
stratification,  the  layers  often  having  some  relation  to  the  outer  surface. 

lield  lee  =  Ice-fi.eld. — A  sheet  of  ice  of  such  extent  that  its  termination  cannot  be  seen 
from  the  crow's  nest 

iJnL—See  Veve. 

floe. — The  same  as  a  field,  except  that  its  extent  can  be  made  out  from  the  crow's  nest. 

Tlosberg. — ^Large  masses  of  sea  ice,  broken  off  frt*m  ancient  fioes  of  great  thickness, 
when  they  are  foroed  upon  the  shore. 

Gladatioii. — The  action  of  a  glader  or  ice-sheet  on  the  rocks  or  the  country  over  which 
it  has  passed. 

Glacier. — A  river  of  solid  ice,  descending  from  its  source  in  the  high  n^?e  of  a  snowfield. 

Oladire.— A  cave  containing  ice  all  the  year  round. 

Glader-table. — A  block  of  stone  supported  on  a  pedestal  of  ice  on  the  surface  of  a 
glacier. 

Ground  lea. — Ice  formed  on  the  bed  of  a  river,  lake,  or  shallow  ses,  while  the  water  as 
a  whole  remains  unfrozen. 

Oroand  Moraine. — Term  applied  to  detrital  material  travelling — sometimes,  perhaps, 
accumulated — between  a  glacier  or  ioe-sheet  and  the  bed  of  rock  below. 

Hole. — A  small  pool  of  water  in  the  ice. 

Hummock.  ^A  rough  hillock  of  ice,  whether  formed  by  seraos,  pressure  ridges,  or  other- 
wise. 

leaberg. — A  mass  of  land  ice,  broken  from  a  glacier  and  floating  in  the  sea. 

lee  Blink. — The  whitish  glare  in  the  sky  over  ice  which  is  too  far  distimt  to  be  visible. 
S«e  Blink. 

lea  Bloek. — Dam  formed  across  a  river  by  the  packing  of  mnsses  of  ice  in  spring. 

loe  Cap. — A  continuous  covering  of  ice,  neve,  or  snow,  such  as  occurs  in  Polar  lands. 

lee  Cliff  or  Barrier. — The  edge  of  the  great  Antarctic  glaciers  which  enter  the  sea,  but 
remain  attached  to  the  land. 

lee  FaU. — An  interruption  in  a  glacier  caused  by  an  abrupt  change  of  slope  in  its  bed. 

lee  Jlo9.—8ee  Floe. 

lee  Foot  along  a  coast  is  caused  by  the  accumulation  of  the  autumn  snow-£[ill  as  it 
drifts  to  the  beach,  being  met  by  sea-water  with  a  temperature  just  below  the 
freezing-point  of  fresh  water.  It  is  at  once  converted  into  ice,  forming  a  solid  wall 
from  the  bottom  of  the  seti,  constantly  maintained.  The  upper  surface  of  an  ico 
foot  is  level  with  the  top  of  high  water.  The  terrace  above  this  wall,  Irom  its 
edge  to  the  base  of  the  talus,  has  a  width  dependent  on  the  land  slope. 

Inland  lee. — An  ice  cap  of  very  great  extent,  as  in  Greenland. 

Xame. — A  gravel  ridge,  similar  to,  or  identical  with  an  Esker  (which  tee). 

Land  lee. — Ice  attached  to  the  land,  either  in  floes  or  in  heavy  grounded  masses  lying 
near  the  shore. 

Lane. — A  narrow  track  of  open  water  between  portions  of  pack  ice  or  floes. 

lateral  Xoraina. — A  ridge  of  rock  d^ris  along  the  side  of  a  glacier. 

Lead. — A  lane  or  channel  of  open  water  through  the  ice. 

Medial  Moraine. — A  ridge  of  rock  del)ris  running  more  or  less  along  the  middle  line  of 
a  glaoier. 

Moraine. — Rock  d^ris  associated  with  a  glader. 

Monlin  (or  Olaeier  Mill). — A  vertical  hole  through  the  ice  of  a  glacier  down  which  a 
stream  of  water  pours. 

Veve  =  fim. — ^The  upper  portion  of  a  glacier,  the  top  layers  of  which  are  more  ne-irly 
in  the  condition  of  snow,  and  in  the  whole  of  which  much  air  is  mingled  with  the 
ice— i.e.  it  is  rather  frozen  snow,  though  often  hard  frozen,  than  true  ice. 

Kp. — The  situation  of  a  ship  when  forcibly  pressed  by  ice  on  both  sides.  She  is  then 
said  to  be  nipped. 
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KnnaUk. — A  rocky  hill,  generally  glaciated,  projecting  from  au  ice  sheetf  or  from  an 
inland  ice. 

Pack. — ^A  body  of  drift  ioe  consisting  of  separate  pieces,  and  the  extent  of  wliich  cannot 
be  seen. 

Opkh  Pack. — When  the  pieces  do  not  touch. 
Close  Pack. — ^When  the  pieces  are  pressed  together. 

Paok  Ioe. — The  broken  ioe  of  floes  driven  together  by  wind  and  currents. 

FalflMHSxyitio  Sea. — The  mass  of  ancient  floe  ice  packed  against  the  laud  to  the  north  of 
Oreenland. 

Pancake  Ioe  consists  of  small  circular  pieces  with  raised  edges.  In  a  ruffled  sea  the 
pieces  of  bay  ice  strike  each  other  on  every  side,  and  so  become  rounded  with  the 
edges  turned  up. 

Patch. — A  collection  of  drift  ice,  the  limits  of  which  are  visible,  in  contradistinction^to 
pack  ice. 

Pelagie. — ^Pertaining  to  the  open  ocean ;  removed  from  land  influences. 

Penitentes  =  S^racs  on  Andes  glaciers. 

Penknife  Ioe. — ^Described  by  Parry  in  his  attempt  to  go  north  from  Spitsbergen  in  1827. 
In  drained-off  pools  on  the  ice  a  columnar  structure  is  left,  the  columns  being 
6  inches  high,  increasing  in  July  to  18  inches.  When  stratification  of  snow  covering 
a  floe  is  exposed  by  a  nowly-tbrmed  crack,  the  lower  portion  granulates,  the  gndns 
collecting  together  -perpendicularly  and  leaving  intermediate  air  spaces.  This 
Parry  called  penknife  ice. 

Perched  Blocks. — ^Boulders,  usually  glaciated,  perched  on  other  stones,  as  a  result  of  ic« 
action. 

Begelatlon.— The  freezing  together  of  portions  of  ice  which  have  been  broken  up. 

Boohe  moatonnee. — A  boulder  or  portion  of  rock  which  has  been  rounded  and  smoothed 
by  glaciation. 

Botten  Ioe. — Old  ice,  partially  melted,  and  in  part  honeycombed. 

Sailing  Ice. — Ice  of  which  the  pieces  are  so  separated  as  to  allow  of  a  ship  sailing 
among  them. 

Sallying  a  ship.  Causing  her  to  roll  by  the  men  running  in  a  body  from  side  to  bide, 
so  as  to  relieve  her  from  adhesion  of  young  ice  around  her. 

Seracs. — Sharp  irregular  ridges  or  pinnacles  of  ioe,  formed  in  a  glacier  whore  there  ia  a 
sudden  change  in  the  slope  of  the  bed  too  slight  to  produce  an  ice-fall. 

Shearing  Plane  (the  usual  sense  of  the  word). — ^A  plane  along  which  the  particloit  on 
either  side  undergo  a  displacement  parallel  with  it. 

Sludge  Ice. — Small  pieces  of  brash  ice  saturated  by  the  salt  water. 

Snout  (of  glacier). — The  lower  extremity  of  a  glacier. 

Snow  Line. — The  line  representing  the  level  above  which  snow,  not  exceptionally  pro- 
tected, remains  unmelted  throughout  the  year. 

Stream. — A  drifting  line  of  loose  ice. 

Stria.— Scratches  made  by  bits  of  grit  frozen  in  ice  on  rock  surfaces,  smoothed  by  ice. 

Terminal  Moraine. — Rock  ddbris  at  the  lower  end  of  a  glacier. 

Till.— Some  authors  restrict  the  term  till  to  material  containing  more  or  less  angular 
material  derived  from  the  neighbouring  valley  system,  applying  hotilder  clay  to 
that  where  the  materials  are  derived  from  more  various  quarters  and  more  often 
rounded— others  use  the  terms  as  synonymous. 

Tongne. — A  mass  of  ice  projecting  under  water  from  a  floe  or  an  iceberg,  and  generally 
distinguishable  at  a  considerable  depth  in  smooth  water.  It  diflfers  from  a  calf  in 
being  fixed  to  and  forming  part  of  the  larger  body. 

Water  Sky. — The  dark  appotirance  of  the  sky  over  open  water,  seen  from  a  dhitancc,  in 
the  ice. 

Tonng  Ice. — Nearly  the  same  aa  bay  ice ;  but  applied  to  ice  more  recently  form^  d. 
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ASTRONOMICAL  DATA: 

ECLIPSE  OF  THE  SUN;   OCCULTATIONS ;  AND  PHOTO- 
METBIC  OBSERVATIONS  OF  JUPITESS  SATELLITES. 

(Gommanicated  by  the  Superintendent  of  the  '  Nautical  Almanac') 

ECLIPSE  OF  THE  SUN,  SEPTEMBER  21,  1903. 

In  longitude  165°  East  and  latitude  75°  South  this  Eclipse  commences 
September  21,  at  3h.  36 -Om.  local  mean  time  at  283°  from  the 
North  point  of  the  sun's  disc  towards  the  East  and  116°  from  the 
vertex  towards  the  East,  and  ends  at  5  h.  33*  7  m.  at  114°  from 
the  North  point  towards  the  East  and  309^  from  the  vertex  towards 
the  East  The  magnitude  of  the  Eclipse  at  the  greatest  phase 
is  0-903. 

For  anj  position  not  far  from  the  above,  the  East  longitude  of 
which  is  X  and  geocentric  latitude  /,  the  Greenivich  time  t  of  com- 
mencement of  the  Eclipse  may  be  found  from  the  following  formal® 
(South  latitude  to  be  taken  as  negative) : — 

Co8«=-l-66173-[0-24229]8inZ+[9-78343]co8Zco8(X-20°4'-4) 
/=16h.37nL5l8.-[3-56147]8inco-[3'34482]8inl-[3-80377]co8/cos(X-18°57'0) 

Contact  on  sun's  limb,  —  «  +  19°  10' "0  from  the  North  point  towards 
the  East,  and  the  Oreenwich  time  t  of  ending  from 

Coi*i=-l -65131 -.[0-24428]8ini+[9-76048]  cos/cos  (X+9°2r-l) 
l«16k38m.8«.+[3-53870]8inco-[3-29917]8in/-[3-78298]coalco%iX-V^''*l^-V> 
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Contact  on  sun's  limb,©  -f- 18°  10'* 3  from  the  North  point  towards 
the  East ;  and  applying  the  longitude  expressed  in  time  to  t  the  local 
mean  times  of  the  commencement  and  ending  of  the  Eclipse  are 
obtained.  The  quantities  within  square  brackets  are  logarithms, 
and  those  in  the  second  equations,  logarithms  of  seconds  of  time. 
The  correction  to  be  applied  to  the  geographical  to  obtain  the 
geocentric  latitude  (l)  is,  for 


n 


70  . 

.  -7 

•5 

71  . 

.  -7 

•2 

72  . 

.   -6 

•9 

73  . 

.   -6 

■6 

74  .• 

.   -6' 

■2 

75  . 

,   -5" 

■9 

76  . 

,   -5' 

5 

77  . 

,   -5' 

■1 

78  . 

,   -4- 

•8 

79  . 

,   -4" 

4 

The  correction  is  to  be  subtracted  (numerically)  from  the  geographical 
latitude. 


OCCULTATIONS. 


The  list  appended  includes  those  stars  of  the  '  Nautical  Almanac  * 
Catalogue,  to  magnitude  5  •  5  inclusive,  the  occultation  of  which  may 
possibly  be  visible  in  75®  South  latitude  and  165°  East  longitude.  In 
order  to  ascertain  with  certainty  whether  any  star  is  occulted,  and 
the  circumstances  of  the  occultation,  the  formulas  given  on  pages 
626-628  of  the  'Nautical  Almanac,  1902,'  should  be  employed.  A 
copy  of  a  table  to  be  used  with  the  formulae  is  given.  An  example, 
illustrating  the  use  of  the  formulae  for  an  actual  case,  is  appended. 
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Occult ATiONs  of  Stars  to  the  5-5  Magnitude  inclusive  that  may 

BE  VISIBLE  IN   OR  NEAR  75°  S.   LaT.    AND    165°  K    LONG. 


liocal  Mean 

Local  Mean 

D*le.     '      Star's  Name. 

Mag. 

Timn  of  X 
in  K.A.  of 

Date. 

Star's  Name. 

Mag. 

Tlin«  of  rf 
Id  R.  A.  of 

a  and 

•      < 



C  and  • 

lf*02     ! 

h. 

m. 

a.    : 

1903 

b.     m.      •. 

Feb.  'i<;  :  h  Virginia 

5-5 

11 

33 

2 

Feb.  16 

m  Virginia 

5 

3 

12     48     11 

27  '  A  Virginia 

4-6 

10 

33 

12 

23 

V  Sagittarii 

4 

•7 

7    42     21 

Mar.  *2l     w  Leonia 

50 

11 

4 

1 

Mar.  11 

(  Leonia 

5 

2 

7     24      1 

*2.')     h  Virginia 

5-0 

10 

46 

3 

18 

11  Libr® 

5 

5 

7     34     17 

28  ,  C*  Libra 

5-4 

6 

50 

13 

19 

^  Opiiiuchi 

4 

4 

5    40    35 

Apr.  1      V  Sagittarii 

4-7 

20 

27 

58 

22 

V  Sagittarii 

4 

•7 

15    27      5 

2     B.A.C.  6746 

5-5 

6 

52 

32 

26 

K  Aquarii 

5 

4 

17    17    28 

4  ,  (  Aquurii 

4-8 

13 

20 

44 

Apr.  12 

m  Virginia 

5 

3 

7    54     12 

22 

h  \  irginia 

5*5 

2 

49 

59 

14 

y  Libra 

4 

•1 

12    36    41 

21)  '  V  Sagittirii 

4-7 

4 

2 

51 

14 

ri  Libras 

5 

5 

16    33    53 

29      B.A.C.  6746 

5-5 

14 

36 

42 

15 

^  Ophiucbi 

4 

4 

14    24    55 

May    1      {  Aquarii 

4-8 

22 

14 

18 

10 

B.A.O.  6746 

5 

5 

10    17     14 

4     K  Piiiciuin 

50 

2 

15 

10 

23 

K  Aquarii 

5 

4 

2      1     29 

11»     h  Virginia 
21      C*  Uhr» 

5-5 

8 

48 

47 

May    9 

m  Virginia 

5 

3 

15    27    57 

5-4 

20 

23 

1 

12 

1}  Libras 

5 

5 

0    40    26 

26     V  Sagittarii 

4-7 

10 

26 

26 

12 

^  Ophiucbi 

4 

4 

22    32     10 

26     B.A.0. 6746 

5-5 

21 

3 

26 

16 

V  Siigittarii 

4 

■7 

7    21    22 

June  1 1      «-  lieonia 

5-0 

5 

36 

38 

16 

B.A.O.  6746 

5 

5 

18      3    39 

2:*     B.A.C.  6746 

5-5 

2 

50 

29 

June  1 

(  Leonia 

5 

•2 

1     51     25 

27     K  Piiscium 

50 

17 

20 

51 

8 

y  LibraB 

4 

1 

3    18    52 

Jalj    8     •  Leonia 

3-8 

6 

9 

9 

8 

1}  Libras 

5 

5 

7     19    38 

10     7o  Leonia 

5-4 

2 

12 

8 

9 

^  Opbiuchi 

4 

•4 

5    23    58 

10     79  Leonia 

5-5 

5 

25 

65 

12 

V  Sagittarii 

4 

•7 

14    21      4 

14     ^Ubrtd 

5-4 

11 

7 

32 

13 

B.A.C.  6746 

5 

5 

1      2    10 

I'l     e  Lihne 

4-3 

18 

46 

37 

July  5 

y  Librao 

4 

1 

8    54    59 

20     B.AC.  6746 

5-5 

8 

55 

37 

6 

i  Ophiucbi 
B.A.C.  6746 

4 

4 

11     14      8 

26     8  Piacium 

4-6 

13 

53 

7 

10 

5 

5 

7     16    14 

Aug.  6  i  d  Leonia 

50 

3 

43 

27 

26 

48  Leunia 

5 

2 

21     23    85 

10 

fi  Libraa 

5-4 

18 

23 

15 

30 

K  Virginia 

4 

3 

23    47    58 

12 

6  Librae 

4-3 

1 

50 

8 

Aug.  1 

y  Libras 

4 

I 

14    42    25 

13     24  Soorpii 

5-2 

0 

54 

9 

2 

<p  Ophiucbi 

4 

4 

16    58    28 

16     V  Sagittarii 

4-7 

5 

32 

22 

6 

V  Sagittarii 

4 

•7 

2    34    47 

16  ;  B.A.C.  6746 

5-5 

16 

0 

25 

6 

B.A.O.  6746 

5 

0 

13     16    21 

21 

A  Piscium 

4-7 

11 

45 

30 

8 

¥  Aquarii 
C  Piscium 

4 

5 

8    20    58 

22 

9  Pitirium 

4-6 

19 

12 

57 

13 

5 

4 

13    38    22 

Sept   7 

/A  Libra 

5-4 

2 

35 

55 

26 

9  Virginia 

4- 

4 

3     18    20 

8 

6  Librae 

4-3 

9 

44 

0 

27 

K  Virginia 

4 

3 

7    49    20 

9  .  24  Scorpii 

5-2 

8 

41 

39 

28 

y  Libras 

4- 

1 

21    49    41 

12     V  8a$:ittarii 

4-7 

13 

35 

12 

Sept.  2 

V  Sagittarii 

4 

7 

8    59    25 

Ort    5     9  Libra 

4-3 

17 

57 

25 

2 

B.A.C.  6746 

5 

5 

19    41     87 

6 

24  Soorpii 

5-2 

16. 

47 

10 

4 

V  Aquarii 

4 

5 

14    45    32 

16 

i  Piacium 

4-6 

U 

0 

43 

5 

c'  Capricomi 

5 

2 

8    49    39 

27 

79  LeoDia 

5-5 

15 

9 

56 

23 

K  Virginia 

4 

3 

17    25    36 

' 

26 

<p  Ophiuohi 

4 

4 

7    53      2 

29 

V  Sagittarii 

4 

•7 

16    16      1 

i    Oct.   2 

c'  Capricomi 

5 

2 

16      7    56 

22 

y  Librae 

4 

•1 

16      6      4 

27 

B.A.C.  6746 

5-5 

10    57     18 

ScfTK,     The  houra  of  Mean  Time  are  counted  from  Mean  Noon  of  each  day. 
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Table  for  Reducing  the  True  to  the  Appt.  ^  in  RA. 


b. 
0 


Honr  Angle 

h 

at  true  ^ 


m, 

0 
10 
20 
30 
40 
50 

0 
10 
20 
30 
40 
60 

0 
10 
20 
30 
40 
50 

0 


b. 

12 

11 


11 
10 


10 
9 


9 


m. 

0 
50 
40 
30 
20 
10 

0 
50 
40 
30 
20 
10 

0 
50 
40 
30 
20 
10 

0 


c 

c^) 

+  - 

Same  sign 

25 

0 

25 

4 

25 

9 

25 

13 

25 

17 

25 

22 

24 

26 

24 

30 

24 

34 

23 

38 

23 

42 

22 

46 

22 

50 

21 

54 

21 

57 

20 

61 

19 

64 

19 

68 

18 

71 

h. 
3 


Hour  Angle 
At  true  ^       • 


6 


m. 

0 
10 
20 
30 
40 
50 

0 
10 
20 
30 
40 
50 

0 
10 
20 
30 
40 
50 

0 


fa. 
9 
8 


8 
7 


7 
6 


6 


m. 

0 
50 
40 
30 
20 
10 

0 
50 
40 
30 
20 
10 

0 
50 
40 
SO 
20 
10 

0 


+  - 


18 

17 

16 

15 

14 

14 

13 

12 

11 

10 

9 

8 

7 

5 

4 

3 

2 

1 

0 


C^') 


Samefign 
ea  h 


71 
74 
77 
79 
82 
84 
87 
89 
91 
92 
94 
95 
97 
98 
98 
99 
100 
100 
100 


Then  T,  denoting  the  approximate  mean  time  of  appt.  ^ ,  in  units  of 
an  hour, 


T  =  mean  time  true  d  + 


ai/-C 


in  which  ai  must  be  used  in  minutes  of  arc ;  also  /  =  '= ,    ,  the 

'         '^  cos  /    ' 

value  of  which  for  latitude 


70  . 

,  =4-98 

71  . 

,   =5-23 

72  . 

.   =5-51 

73  . 

.  =5-82 

74  . 

.  =6-18 

75  . 

,  =  6-58 

76  . 

.  =  7-04 

77  . 

,  =7-57 

78  . 

.  =8-19 

79  . 

,  =8-92 

Example  of  an  Ocjcultation. 


ft  Librae  on  July  U,  1902. 

h.     m.        •. 
T,  =  0      7      32  (time  of  Conjunction). 

+  27      29  oorr.  from  Table  on  preceding  page. 

T  =0~35        1 

(g,=  -l   12801)'=  •5360o'=--1187\n.a..i««.  /        d=ll»Bd>-75« 
\  p=  +  -2455g=-I1824  /i»fM«.    \A  =  14*  44"0«  D-18<»44' 

LogX 9-99842  (N-jA.) 

Logain^ —9-98494 


Logpiin^' 


9-98366 


T  +  d 

CoiTespondg.  ndl.  time  =  /& 

A     •        •        ■        •       •       •       • 

/*-A 

/ft  —  A  (in  arc)    .     .     . 

Log  nn  Oi  —  A)  .     .     . 
Log  p  006  ^'    .      .      .      . 

Log  » 

» 

P 

P-» 


b. 
11 
19 
14 

4 


m. 
35 
0 
44 
16 


1 
47 

0 
47 


64°  ll'-8 

+  9*95439 
9-41488 

+  9-36877 
+  0-2:^38 
+  0*2455 

+  0-0117 


Log  p  008^' cos  (m— A)    +  905315 
Log/ 9-41916 


Logn* 
P'   . 


P- 


Log  m  dn  M  . 
Logmcoe  M  . 

Log  tan  M 
M  .  .  .  . 


+  8-47231 
+  0-0297 
+  0-5360 

+  0-5063 

+  806819 
-  9-43854 


Log  COB  M 
Lflgm.  . 
Log*  .  . 
Logif.     . 


Log  COB  (M  —  m)  . 


-  8-62965 

177*'  33* -6 

-  9-99960 
9-43894 
9-71340 
9-43542 

+  9-38544 

-  9-72554 


LoiTT -  9-11098 

r  -  0»-129 


LogY      .     . 

Log  008  ^.       . 
Log  p  006  ^'    . 

Log  p  sin  ^'  . 
Log  006  D 

Bum    .     .     • 

Log  p  006  ^'   . 

Log  sin  D 
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PHOTOMETRIC  OBSERVATIONS  OF  THE  ECLIPSES  OF 

JUPITERS  SATELLITES. 

It  is  suggested  that  observations  of  the  eclipses  of  Jupiter's 
satellites  should  be  included  in  the  programme  of  work  to  be  under- 
taken for  the  determination  of  longitudes.  The  mode  of  observation 
which  can  be  most  readily  utilised  for  such  a  purpose  appears  to  be 
that  in  which  the  reading  of  a  wedge  photometer  is  recorded,  corre- 
sponding to  the  extinction  of  a  satellite  at  different  times  during  the 
progress  of  its  eclipse.  Professor  Sampson,  of  Durham,  who  is  en- 
gaged in  the  discussion  of  the  photometric  observations  of  these 
eclipses  made  at  the  Harvard  College  Observatory,  strongly  recom- 
mends this  course,  and  has  been  so  kind  as  to  furnish  suggestions  as 
to  the  method  of  observation  to  be  followed,  which  his  familiarity 
with  the  subject  renders  of  great  value. 

The  following  will  be  the  method  of  observing  a  disappearance : 
before  the  brightness  begins  to  diminish  make  6-10  measures  of  it, 
noting  also  the  time ;  when  it  begins  to  fall  off,  set  the  photometer  so 
that  the  satellite  is  just  seen,  read  the  photometer,  wait  and  note  the 
time  of  disappearance ;  set  the  photometer  again  so  that  the  satellite 
is  just  seen,  and  repeat.  This  is  to  be  done  as  often  and  as  rapidly 
as  allows  of  steady  work.  But  uniformity  rather  than  great  numbers 
of  observations  gives  the  light  curve  clearly. 

Mutatis  mutandis.  The  same  will  apply  to  the  observation  of  a 
reappearance. 

In  recording  the  observations  all  that  is  required  is  the  chrono- 
meter time  at  each  extinction,  and  the  corresponding  reading  of  the 
photometer.  In  the  subsequent  reductions  the  former  must,  of  course, 
be  corrected  for  adopted  error  on  local  time,  and  the  latter  for  error 
of  scale  reading.  It  will  be  well  to  secure  observation  of  the  eclipses 
of  all  four  of  the  bright  satellites ;  obtaining,  when  possible,  observa- 
tion of  the  disappearances  and  the  corresponding  reappearances  of 
III.  and  IV. 

It  is  most  important  that  the  observation  should  in  each  case 
include  a  number  of  readings  corresponding  to  the  extinction  of  the 
fully  illuminated  satellite.  There  is  appended,  as  a  specimen,  a  copy 
of  the  record  of  an  eclipse  of  each  of  the  satellites,  as  recorded  at  the 
Harvard  College  Observatory. 
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11. 


TIDAL   OBSERVATIONS. 
By  G.  H.  Darwin,  F.RS. 

The  dynamical  theory  of  the  tides  on  an  ocean  lying  on  a  rotating 
planet  presents  a  problem  of  such  difficulty  that  mathematicians 
have  hitherto  only  succeeded  in  obtaining  a  solution  where  the  ocean 
covers  the  whole  planet,  or  where  it  is  bounded  by  coasts  which 
follow  parallels  of  latitude  round  the  whole  circumference  of  the 
planet.  Moreover,  success  has  only  been  attained  where  the  depth  of 
the  ocean  is  constant  as  we  travel  along  a  given  parallel,  although  it 
has  been  found  possible  to  conceive  the  depth  as  varying  with  the 
latitude  according  to  some  simple  law.  The  conditions  thus  postu- 
lated by  the  mathematicians  are  clearly  very  different  from  those 
which  obtain  on  the  earth,  and  it  might  seem  at  first  sight  as  if 
science  could  merely  record  a  failure  in  the  presence  of  the  tidal 
problem.  This  is,  however,  very  far  from  being  the  case,  for  by 
methods  depending  in  part  on  theory  and  in  part  on  observation,  it  has 
been  found  possible  to  make  accurate  tidal  predictions  and  to  learn 
much  about  the  tidal  oscillations  of  our  complex  system  of  oceans. 
But  this  is  not  the  place  in  which  to  pursue  further  this  branch  of 
our  subject,  and  we  have  only  drawn  attention  to  these  considerations 
because  they  indicate  the  peculiar  importance  of  tidal  observation  in 
the  Antarctic  Ocean  from  a  scientific  point  of  view.  This  region  is 
the  only  one  on  the  earth  in  which  those  conditions  are  even  approxi- 
mately fulfilled  in  which  a  complete  dynamical  solution  has  been 
attained,  because  here  only  do  we  find  an  ocean  uninterrupted 
throughout  the  whole  circumference  of  the  planet.  It  is  true  that  the 
existence  of  the  Pacific  and  Atlantic  Oceans  must  introduce  con- 
ditions which  differ  widely  from  those  postulated  by  the  theory,  but  it 
must  clearly  be  important  to  obtain  observations  in  an  ocean  which 
conforms,  although  roughly,  to  the  theoretical  standard,  especially 
when  we  know  that  observations  in  this  region  are  almost  entirely 
wanting. 
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In  harbours  frequented  by  shipping,  trustworthy  tide-tables  have 
a  considerable  commercial  value,  but  in  the  case  in  point  this  element 
is,  of  course,  entirely  wanting,  and  the  minuter  details  of  the  phe- 
nomena at  the  place  of  observation  present  but  little  interest ;  what 
we  wish  to  know,  is  the  nature  of  the  tidal  oscillation  affecting  the 
whole  ocean. 

The  construction  of  accurate  tidal  predictions  demands  a  con- 
tinuous series  of  observations  extending  over  several  years.  Such 
extensive  data  are  needed,  not  on  account  of  the  complexity  of  the 
tidal  oscillations  themselves,  although  they  are  pretty  complicated, 
but  because  it  is  only  possible  to  eliminate  the  incessant  meteoro- 
logical perturbation  of  the  tide  by  considering  the  average  as 
estimated  over  a  long  period  of  time.  In  the  case  of  the  Antarctic 
Ocean  these  prolonged  observations  are  neither  practicable  nor 
desirable.  It  must  not,  however,  be  concluded  that  very  rough 
observations  will  suffice,  for  accuracy  is  needed  for  the  determination 
of  the  main  outline  of  the  phenomena,  and  duration  of  observation  is 
a  necessary  condition  for  even  the  approximate  elimination  of  the 
varying  efiFects  of  wind  and  barometric  pressure.  It  should  also  be 
noted  that  observation  extended  over  two  months  will  give  con- 
siderably more  than  twice  the  accuracy  attainable  by  the  results  for 
one  month. 

Tidal  observations  are  necessarily  conducted  from  the  shore,  and 
the  existence  of  land  exercises  a  perturbing  influence  on  the  oceanic 
tide  which  it  is  our  object  to  examine.  Hence,  on  this  account  alone, 
it  would  be  highly  desirable  that  the  observations  should  not  be 
confined  to  a  single  station.  But,  further,  since  the  tides  depend  on 
latitude,  it  would  be  of  especial  value  that  observations  should  be 
made  at  such  a  place  as  Eerguelen  Island,  and  also  on  the  Antarctic 
Continent  itself.  The  tides  on  the  continent  are  more  likely  to 
suffer  perturbation  from  the  existence  of  land,  than  those  at  so 
isolated  a  station  as  Eerguelen  Island.  Hence  it  is  eminently  to  be 
desired  that  the  observations  in  the  extreme  south  should  be  taken  in 
two  or  more  places. 

The  multiplication  of  stations  and  the  prolongation  of  the  period 
of  observation  present  conditions  which  are  obviously  incompatible, 
and  their  rival  claims  can  only  be  decided  as  a  compromise.  It  may, 
^  think,  be  stated  that  the  shortest  period  during  which  observations 
Qould  be  made  is  a  fortnight,  but  that  a  month  is  a  much  more 
desirable  period.  The  naval  requirements  of  the  Expedition  will 
probably  give  the  observers  but  little  choice  as  to  the  number  of 
stations  and  the  periods  of  observation.     I  would  then  mereVy  ad\\a^ 
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that  observations  should  be  made  at  several  places,  and  that,  whilst 
a  fortnight  should  be  looked  on  as  a  minimum,  yet  even  the  results 
for  a  week  would  not  be  without  value. 

Tidal  observations  with  a  tide-gauge  are  not  appropriate  for  an 
expedition  such  as  that  now  in  preparation,  and  reliance  must  be 
placed  on  observations  by  eye.  The  ingenuity  of  naval  ofl&oers  is 
never  wanting  in  the  construction  of  an  apparatus  for  observations  of 
this  kind.  Until  recently  it  has  been  the  practice  in  the  navy  to 
observe  the  times  and  heights  of  water  at  high  and  low  tide,  and  the 
times  have  often  been  tabulated  in  apparent  instead  of  in  mean  time. 
But  experience  has  now  shown  that  it  is  far  more  convenient  for  the 
determination  of  the  law  of  the  tide  that  the  observations  should  be 
taken  at  equidistant  intervals  of  the  mean  time  of  the  place.  In 
their  work  at  Campbell  Island  the  French  Expedition  took  observa- 
tions every  half-hour  of  the  day  and  night.  But,  in  my  opinion,  all 
the  needed  accuracy  may  be  attained  by  means  of  hourly  observations. 
If  it  is  deemed  desirable,  observations  of  high  and  low  water  might 
also  be  made,  but  I  am  not  inclined  to  consider  this  as  necessary.  Dr. 
Haughton,  in  his  *  Arctic  Manual,'  speaks  of  observations  every  four 
hours  during  the  night  as  perhaps  sufficient,  but  I  find  it  hard  to 
coincide  with  this  opinion.  If  the  exigencies  of  the  service  render 
hourly  observations  impossible,  we  may  have  to  put  up  with  two* 
hourly  observations.  In  the  subsequent  numerical  treatment,  the 
first  step  would  be  the  interpolation  of  the  missing  hourly  values, 
and  thus  the  strength  of  the  results  would  be  much  weakened  by  the 
intermission  of  several  hours. 

At  each  tidal  station  meteorological  observations  will,  no  doubt, 
be  made,  and  thus  the  materials  will  be  at  hand  for  the  empirical 
correction  of  the  observed  heights,  if  such  correction  should  be  foimd 
possible. 

It  has  been  observed  that  the  rise  and  fall  of  the  tide  is  apt  to 
occur  by  a  series  of  impulses,  so  that  the  trace  drawn  by  a  tide-gauge 
is  usually  more  or  less  notched.  The  degree  of  irregularity  is  found 
to  vary  much  according  to  the  weather,  and  according  to  the  site  of 
observation.  In  estuaries  and  land-locked  bays  the  zigzag  is  often 
very  pronounced,  but  even  in  such  sites  the  degree  of  perturbation 
varies  much  with  the  exact  position  of  the  tide-gauge.  It  is  highly 
desirable  that  a  position  should  be  chosen  where  the  irregularity  is 
not  pronounced,  but  it  is  not  always  easy  to  decide  on  the  most 
favourable  spot  by  mere  inspection.  During  the  last  thirty  years 
much  attention  has  been  paid  to  these  secondary  undulations,  and 
thejr  have  been  shown  to  be  local  vibrations  of  the  partially  enclosed 
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sheet  of  water  analogous  to  the  seiches  by  which  the  Swiss  and  other 
lakes  are  perturbed. 

These  oscillations  merely  confuse  the  tidal  phenomena,  and  it  is 
desirable  to  eliminate  them  as  far  as  possible.  In  order  that  it  may 
be  known  to  what  extent  they  disturb  the  results  at  the  chosen  point 
of  observation,  it  will  be  well  that  the  series  should  begin  with 
observations  taken  every  four  or  five  minutes  during  an  hour  or  two, 
repeated  at  intervals  twice  or  thrice  during  the  first  day  or  two. 
Since  seiches  always  exist  to  some  extent,  each  of  the  subsequent 
hourly  observations  should  be  the  mean  of  several  readings  taken 
just  before  and  just  after  the  exact  hour.  It  may  be  suggested  that 
it  would  suffice  to  take  the  mean  of  five  readings  taken  at  intervals 
of  two  and  a  half  minutes,  from  five  minutes  before  the  hour  to  five 
minutes  after  it.  If,  however,  the  preliminary  examination  suggested 
above  should  show  that  the  seiches  are  apt  to  be  considerable  in 
amplitude,  and  to  have  a  long  period — such  as  a  quarter  of  an  hour  to 
twenty  minutes — it  might  be  well  to  extend  the  period  further  before 
and  after  the  hour. 

February  18, 1901. 


12  THE .  ANTARCTIC  MANUAL 


III. 


PENDULUM  OBSERVATIONS. 

By  R.  T.  Glazebrook,  F.R.S. 

The  apparatus  ia  arranged  in  order  to  measure  accurately  the  times 
of  vibration  of  three  pendulums.  The  period  of  each  pendulum 
is  about  half  a  second,  and  these  periods  are  determined  by  com- 
parison with  a  clock  or  chronometer. 

The  main  observing  station  wUl  be  adjacent  to  the  winter  quarters, 
and  here  the  clock  can  be  used.  If  opportunity  occurs  for  making 
observations  when  at  a  distance  from  the  base,  the  chronometer  is 
available. 

Observations  at  the  Base. — Since  the  mean  rate  of  a  clock  over 
24  hours  may  often  be  appreciably  different  from  its  rate  for  a  short 
interval  between  the  times  for  which  the  mean  rate  is  determined,  it 
is  desirable  that,  wherever  possible,  (1)  the  pendulum  observations 
should  extend  over  the  24  hours ;  and  (2)  that  astronomical  obser- 
vations to  determine  the  rate  of  the  clock  should  be  made  at  the 
beginning  and  end  of  that  period. 

To  secure  (1)  each  pendulum  should  be  swung  for  8  hours,  while 
to  secure  (2)  the  observations  should  be  begun  at  a  time  at  which 
star  transits  for  the  determination  of  the  time  are  possible. 

A  complete  set  of  observations  will  occupy  more  than  the 
24  hours,  but  much  valuable  information  can  be  obtained  without 
taking  a  complete  set  on  every  occasion.  Moreover,  Jt  must  be  noted 
that  observations  are  not  continuous  during  the  24  hours.  When  the 
apparatus  is  properly  adjusted  readings  at  intervals  of  8  hours  suflBce, 
though  at  first  a  somewhat  shorter  time  than  this  should  be  allowed 
to  elapse  between  the  observations. 

The  method  of  coincidences  is  used  to  determine  the  periods. 

Light  from  a  lamp  is  reflected  through  a  narrow  horizontal  slit 

towards  the  pendulum-stand.    A  mirror  attached  to  the  upper  part  of 

the  pendulum  reflects  the  ray  back,  and  it  is  viewed  through  a  tele- 

scope  which  is  adjusted  so  that  when  the  pendulum  is  at  rest  the 
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image  of  the  slit  coincides  with  one  of  the  cross  wires.  A  shutter, 
worked  by  an  electromagnet,  moves  across  the  slit.  This  shutter  also 
carries  a  slit,  and  the  adjustments  are  such  that  in  one  position  the  two 
slits  are  in  the  same  horizontal  line,  and  the  light  can  pass  through ;  in 
any  other  position  of  the  shutter  it  is  obscured.  The  electromagnet  is 
actuated  by  means  of  a  current  which  passes  through  the  clock,  and  is 
broken  once  a  second.  Thus,  the  shutter  oscillates  once  a  second,  in 
time  with  the  clock,  and  once  a  second  an  instantaneous  beam  of  light 
is  emitted  from  the  slit  and  reflected  by  the  pendulum,  appearing  as 
a  flash  coincident  with  the  cross  wire. 

When  the  pendulum  is  moving  the  apparent  position  of  the  flash 
will  depend  on  the  position  of  the  pendulum  when  the  reflection 
occurs.  If  the  pendulum  is  vibrating  exactly  in  half-seconds  it  will 
have  completed  exactly  two  vibrations  in  the  interval  (one  second) 
between  two  flashes,  and  the  flash  will  always  occupy  the  same  posi- 
tion on  the  field.  If  the  period  of  the  pendulum  is  slightly  less  or 
slightly  greater  than  half  a  second  the  position  of  the  flash  will  shift 
on  the  field.  If  it  be  watched,  it  will  be  found  to  move  gradually  to 
one  side  of  the  cross  wire  and  then  to  come  back,  until  after  a  certain 
number  of  seconds  it  again  coincides  with  the  cross  wire ;  it  then 
continues  to  move  to  the  opposite  side  of  the  wire,  and  after  another 
interval  reverses  its  direction  and  crosses  the  wire  again,  now  moving 
as  at  first.  In  taking  the  observations  it  is  necessary  to  observe 
transits  both  from  right  to  left  and  from  left  to  right. 

The  time  which  it  is  required  to  measure  accurat^y  is  the  interval 
hetween  two  consecutive  transits  of  the  cross  wire  in  the  same  direction. 
This  we  shall  call  the  coincidence  interval.  Now  we  know  that  at  the 
b^inning  and  end  of  the  coincidence  interval  the  pendulum  was  in 
exactly  the  same  position.  During  the  interval,  then,  it  has  com- 
pleted a  whole  number  of  swings.  If  it  had  been  a  half-second  pen- 
dulum exactly,  this  number  would  have  been  twice  the  number  of 
seconds  in  the  interval.  If  the  period  is  slightly  greater  than  half  a 
second  the  pendulum  falls  behind  the  clock  at  each  swing,  and  at  the 
end  of  the  coincidence  period  it  has  fallen  behind  by  exactly  one 
swing.  Thus,  if  the  coincidence  interval  be  s  seconds,  we  arrive  at  the 
result  that  in  s  seconds  the  pendulum  has  executed  2^  —  1  swings. 

o 

Thus,  the  complete  period  of  the  pendulum  is  -^ seconds. 

If  the  period  of  the  pendulum  be  leas  than  half  a  second  it  will, 
daring  the  coincidence  period,  gain  on  the  clock,  and  the  complete 

period  of  the  pendulum  will  be  ^ seconds. 

In  the  pendulums  sxtppVied  to  the  Expedition  the  first  ioTmul^ 
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holds.  Thus,  in  some  preliminary  observations  with  one  of  the 
pendulums  of  the  Expedition  a  coincidence  period  of  28*750  sees, 
was  observed.  This  gives  a  period  of  0*50884  sec.  To  this  period, 
however,  so  determined,  various  corrections  are  required,  and  the 
apparatus  is  arranged  to  enable  these  to  be  obtained  with  ease. 

Temperature  Correction. — The  dimensions  of  the  pendulum  vary 
with  the  temperature.  The  observed  time  of  swing,  therefore, 
must  be  corrected  to  some  standard  temperature  for  each  degree  of 
temperature.  The  amount  of  this  correction  will  be  determined  at 
the  National  Physical  Laboratory  before  the  Expedition  starts.  In 
order  to  determine  the  temperature  accurately  a  fourth  dummy  pen- 
dulum is  provided,  which  contains  a  thermometer  embedded  in  the  bulb. 
This  thermometer  can  be  read  through  a  glass  panel  in  the  outer 
case  while  the  pendulums  are  being  swung,  and  frequent  readings 
should  be  taken  during  the  observations,  the  time  of  the  readings 
being  noted.  From  these  readings  the  mean  temperature  during  the 
observations  is  obtained,  and  it  is  this  which  is  to  be  used  in  the 
correcting  term. 

It  must  be  noted,  however,  that  the  range  of  temperature  over 
which  it  is  possible  to  determine  this  correction  in  England  is  very 
small  compared  with  the  range  to  which  the  pendulums  will  be 
exposed,  and  a  determination  of  the  correction  during  the  Expedition 
will  be  of  real  value.  If  it  should  be  found  that  the  temperature  of  the 
observatory  hut  varies  greatly  during  the  24  hours,  it  would  be  of  ser- 
vice to  keep  a  thermograph  running  during  the  observations.  In  any 
case  the  temperature  of  the  air  should  be  recorded  from  time  to  time. 

If  we  call  k  the  change  in  period  for  1°  of  temperature,  T  the 
standard  temperature,  and  t  the  mean  temperature  during  an  observa- 
tion, then  the  correction  to  the  observed  time  of  survey  from  this 
cause  is  -  A:  (^  —  T). 

Pressure  Correction, — The  period  depends,  to  some  extent,  on  the 
pressure  of  the  air  in  which  the  pendulum  swings.  The  simplest 
way  of  avoiding  trouble  from  this  cause  is  to  keep  the  pressure  con- 
stant during  an  observation.  Moreover,  the  swing  is  damped  by 
the  presence  of  the  air,  and  as  it  is  desirable  that  the  swings  should 
continue  for  a  long  time,  the  air  pressure  should  be  reduced. 

To  secure  these  ends  the  swinging  pendulums  are  enclosed  in  an 
air-tight  case  with  glass  windows,  through  which  the  observations 
are  made.  A  gauge  is  fitted  to  this  case,  by  means  of  which  the 
pressure  inside  can  be  read,  and  an  air-pump  is  supplied  to  reduce 
the  pressure  to  some  definite  value. 

In  the  U.S.  survey  a  pressure  of  60  mm.  at  0"*  C.  was  adopted  as 
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the  standard.     This  may  prove  to  be  rather  low  in  the  present  case, 
but  we  will  assume  that  it  is  the  pressure  aimed  at. 

It  is  impossible,  however,  always  to  secure  this  pressure  exactly, 
and  thus  a  correction  is  required  to  reduce  readings  to  the  standard 
pressure.  For  this  purpose  the  pressure  jp  and  the  temperature  t  are 
observed.  To  reduce  the  pressure  p  to  what  it  would  be  at  0°  we 
divide  it  by  1  +  •  00367  t,  and  obtain  as  the  difference  from  the 

standard  the  value  of  60  —  ^— — ^ 


1  +  -00367  r 

Now  observations  show  that  for  a  small  range  of  pressure  the 
correction  to  the  period  is  proportional  to  the  change  of  pressure : 
if  we  call  A'  the  increase  of  period  produced  by  a  pressure-change  of 

1  mm.  the  correction  due  to  a  change  of  60  —  j~^~:  000^7  /  ^^  ^® 


(aa ^ 


The  quantity  i'  will  be  determined  by 


k'  |60  -  ^  _j_  -00367  f 
observations  before  the  start. 

It  must  be  remembered  that  while  accuracy  is  secured  by  working 
at  a  low  pressure  this  is  not  absolutely  essential  to  success,  though 
the  time  over  which  the  observations  can  be  extended  will  be  seriously 
reduced  if  the  pressure  be  high.  At  the  same  time  should  it  be 
impossible  for  any  reason  to  maintain  the  low  pressure,  experiments 
made  under  a  greater  pressure  would,  if  carefully  conducted,  give 
important  information.  In  all  cases  the  pressure  at  the  time  of  the 
observation  must  be  carefully  recorded. 

Arc  Correction. — The  period  depends  on  the  amplitude  of  the 
surveys  of  the  pendulum.  The  correction  on  this  account  is  given 
if  the  amplitude  of  the  first  and  last  surveys  can  be  found. 

To  obtain  these  a  vertical  scale  is  attached  to  the  front  of  the  box 
which  contains  the  shutter.  By  shifting  tlie  lamp  used  with  the 
flash  apparatus  this  scale  can  be  illuminated,  and  its  reflection  on 
the  pendulum  mirror  made  visible.  By  reading  the  divisions  of  the 
scale  which  coincide  with  the  cross  wire  at  the  extremities  of  the 
swing,  the  amplitude  is  given,  if  we  know  the  distance  between  the 
scale  and  the  mirror.  In  calculating  the  amplitude  it  must  be 
remembered  that  the  reflected  ray  is  turned  through  twice  the  angle 
through  which  the  mirror  moves. 

In  the  instrument  supplied  the  small  divisions  are  about  3  mm. 
in  length,  and  at  a  distance  of  2  metres  the  angle  subtended  by  a 
division  is  very  nearly  5'.  If  the  amplitude  of  tlie  oscillation  be 
one  division  the  angular  amplitude  of  the  swing  of  the  pendulum 
wiU  be  2'' 6. 
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The  correction  to  the  period  which  arises  from  this  is  given  by 
the  formula 

Correction  =  -l^  sin  (»  +  f )  sin  (^  -  »') 

32       log  sin  <l>  —  log  sin  ^' 

when  4>  ^^^  ^'  &^6  the  observed  amplitudes,  P  the  period  and  M 
the  modulus  of  common  logarithms,  0'4343. 

Bate  Correction. — This  is  necessary  in  order  to  correct  for  the  rate 
of  the  clock.     The  correction  is 

+  0-00001157  EP 

where  E  is  the  observed  rate  in  sidereal  time  in  seconds  per  day, 
P  the  period.     E  is  positive  if  the  clock  is  losing. 

Flexure  Correction. — The  stand  is  not  perfectly  rigid,  and  in  con- 
sequence of  its  yielding  a  correction  is  necessary  to  the  observed 
period.  In  the  instrument  two  of  the  pendulums  B,  C,  are  mounted 
so  that  they  swing  in  the  same  plane  on  opposite  sides  of  the  support ; 
the  plane  of  vibration  of  the  third  pendulum  is  at  right  angles  to  that 
of  B  and  C. 

If  the  stand  were  perfectly  rigid  and  B  were  set  in  motion,  A  and 
C  being  at  rest,  the  motion  of  B  would  not  be  transmitted  to  C  and  it 
would  remain  at  rest.  In  consequence  of  the  want  of  rigidity  C  is 
set  in  motion,  and  since  the  period  of  C  is  nearly  the  same  as  that  of 
B  a  slight  yielding  of  the  stand  will  produce  a  considerable  motion 
in  C.  From  observations  on  the  motion  of  C  the  correction  to  the 
period  of  B  can  be  determined. 

To  determine  this  correction  pendulum  B  is  set  swinging,  pen- 
dulum C  being  at  rest ;  after  a  short  time  it  will  be  found  that  C  is 
in  motion.  Observations  are  made  of  its  amplitude  at  equal  intervals 
of  time — the  length  of  the  interval  wiU  depend  on  the  amount  of 
yielding — and  it  will  be  found  that  the  amplitude  of  C  gradually 
increases  while  that  of  B  decreases.  After  a  time  the  amplitude  of 
G  reaches  a  maximum,  it  then  decreases  again,  passing  through  a 
minimum  and  so  on  in  a  regular  cycle. 

A  series  of  observations  are  made  of  the  time  and  the  corresponding 
arcs  of  vibration  a,  a  of  the  two  pendulums  B  and  C  respectively, 
then  if  «,  8*  be  the  period  of  the  two,  it  can  be  shown  that  the  flexural 
correction  to  s  is  given  by  the  expression 

a    (s'  —  S)  TT  (s'  -^  s)t 

Correction  for  Damping. — Unless  the  air  can  be  reduced  to  a  low 
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pressure  tHe  swings  of  the  pendulum  rapidly  damp  down,  and  a 
correction  is  required  in  consequence. 

If  X  be  the  logarithmic  decrement,  T  the  observed  time,  To  the 
true  time  of  swing,  then  it  can  be  shown  that 

To  =  T         ^ 


To  find  X  we  observe  the  amplitudes  of  a  number  of  successive 
swings.  If  Ci  be  the  amplitude  of  the  first  swing,  Cn  of  the  ti^,  then 
X  is  given  by  the  equation 

If  the  pressure  can  be  reduced  to  50  or  60  mm.  this  correction 
will  be  very  small  indeed. 

The  observations  will  normally  be  conducted  on  land.  If  oppor- 
tunity ofiered  to  take  a  set  of  observations  on  a  fixed  ice  floe  the 
experiment  might  be  usefully  made ;  in  this  case  it  would  be  desirable 
to  know  the  thickness  of  the  ice  and  the  depth  of  the  water.  The 
object  of  the  investigation  is  to  determine  the  value  of  ^,  the  accelera- 
tion due  to  gravity.  For  this  purpose  it  is  important  to  know,  in 
addition  to  the  time  of  swing,  the  latitude  of  the  observing  station 
and  its  height  above  sea  level ;  the  nature  of  the  ground  near  the 
station  should  also  be  noted  for  the  purpose  of  obtaining  a  value  for 
the  density  of  the  material  of  the  earth  in  the  neighbourhood. 

A  situation  should  if  possible  be  selected  for  the  pendulum  house, 
not  in  the  immediate  neighbourhood  of  any  high  ground ;  with  a  view 
of  eliminating  local  inequalities  some  subsidiary  observations  at  points 
in  the  neighbourhood  of  the  central  station  may,  if  opportunity  offers, 
be  made. 

If  it  is  possible  to  transport  the  instrument  to  a  point  at  a  con- 
siderable distance  to  the  souch  of  the  central  station,  so  as  to  obtain  a 
value  for  g  at  two  positions  differing  appreciably  in  latitude,  the 
infonnation  would  be  of  value.  In  this  case  the  geographical  posi- 
tion and  height  above  sea  level  of  the  second  station  should  be 
determined. 

As  a  specimen,  a  series  of  observations  at  Washington,  taken  from 
Appendix  I.  of  the  '  Eeport  of  the  United  States  Coast  and  Geodetic 
Survey  Department  for  1894/  is  given. 


C 


I 


S  I  i  ^ 
+  +  +  + 


■r»m,«    -  S     S     M     M 
11.1.1   -s~s    S    S 


^     ?     ?     ?     ? 

'i  I  i  i  i 


mmwd  K      ri      ri      O      rf      Ci 


19 


IV. 


TERRESTRIAL  MAGNETISM. 

MAGNETIC AL   INSTBUGTIONS   FOB    THE  ANTABCTIO 

EXPEDITION,  1901. 

By  Captain  K  W.  Creak,  F.RS.  R.N. 

Regabding  the  observation  of  the  elements  of  Terrestrial  Magnetism 
as  one  of  the  principal  objects  of  the  present  Antarctic  Expedition, 
every  efiTort  should  be  made  to  secure  as  complete  a  magnetic  survey  of 
the  region  south  of  the  parallel  of  40°  S.  as  circumstances  will  permit. 

Enough  is  known  of  the  magnetic  elements  in  that  region  to  show 
that,  except  where  observations  have  been  made  on  land,  as  in  South 
America  and  Tasmania,  large  changes  in  the  Magnetic  Declination  or 
Variation  have  been  going  on  since  the  time  of  Ross's  magnetic 
survey  of  1839-43,  the  principal  foci  of  such  change  being  far  out  at 
sea,  whilst  the  dip  and  intensity  of  the  changes,  of  which  there  is 
scant  information,  are  probably  also  subject  to  great  alterations  in 
their  distribution. 

It  should  be  borne  in  mind  that  Kew  Observatory  is  the  primary 
base  station  of  the  whole  series  of  magnetic  observations,  with  which 
it  is  specially  desirable  to  connect  by  absolute  measurements  of  the 
magnetic  elements,  land  stations  at  the  Cape  of  Good  Hope  and 
Melbourne,  Lytileton  (New  Zealand)  and  an  Antarctic  station  in 
Victoria  Land. 

The  constants  for  the  various  instruments  enumerated  below  have 
been  determined  at  Kew,  and  it  is  necessary  that  iminediately  on  the 
return  of  the  Expedition  to  England,  a  re-determination  of  the  con- 
stants should  be  made  there. 

The  principal  base  station  of  the  survey  in  southern  latitudes 
will  be  at  Melbourne,  where  there  is  a  fully  equipped  magnetic 
observatory. 

It  is  of  great  importance  that  a  secondary  base  station  should  be 
established  in  Victoria  Land,  where,  besides  the  other  instruments, 
the  differential  instruments    or  Variometers   can    be   auccessfully 

Mtabliahed. 
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Considering  the  large  areas  of  open  sea  which  the  Discovery  will 
probably  traverse,  and  the  possibility  that  circumstances  may  even 
prevent  the  landing  of  a  party  on  the  coast  of  Victoria  Land,  observa- 
tions of  the  magnetic  elements  at  sea  are  of  great  importance.  It  is 
with  this  view  of  tlie  value  of  such  observations  that  the  ship  has 
been  specially  designed,  and  every  cause  of  disturbance  from  iron 
eliminated  within  a  radius  of  30  feet  from  the  centre  of  the  ship's 
observatory. 

It  is  further  probable  that  leurge  local  magnetic  disturbances  will  be 
found  in  Victoria  Land,  in  which  case  there  should  be  no  difl&culty  in 
obtaining  normal  values  on  board  the  ship  so  prepared  as  well  as  on  ice. 

For  Observations  on  Land,  the  instrumcTits  furnished  comprise: 

(a)  Portable  Unifilar  Magnetometers  for  determining  the  absolute 
Horizontal  Force  and  Declination  at  the  base  stations.     Two. 

(6)  Barrow's  Dip  Circles  (in  duplicate)  for  determining  the 
Absolute  Dip  or  Inclination.  These  circles  are  provided  with 
additional  needles  for  determining  the  Total  Force  by  Dr.  Lloyd's 
method.  These  additional  needles  are  never  to  he  reversed  or  disturbed. 
Deflection  bars  are  also  provided  for  determining  the  constant  depend- 
ing upon  the  distribution  of  magnetism  in  the  two  needles  for  force. 

(c)  A  self-recording  apparatus  or  system  of  Variometers  for  regis- 
tering the  diurnal  variation  in  the  Declination,  Horizontal  Force,  and 
Vertical  Force.     (Professor  Eschenhagen's  system.) 

(d)  A  special  azimuth  compass  with  tripod  for  observing  the 
Declination.  It  is  probable  that  by  using  this  compass  in  combina- 
tion with  Barrow's  Circle  and  Lloyd's  needles,  the  magnetic  elements 
may  be  observed  on  Antarctic  land  or  ice  with  greater  ease  and  pre- 
cision than  with  the  Unifilar  magnetometer  in  combination  with  the 
Dip  Circle. 

(e)  Small  azimuth  compasses,  with  socket  to  mount  on  a  tripod 
(in  duplicate)  for  travelling  or  sledging  parties  to  observe  the 
magnetic  declination. 

(/)  Small  compasses  (in  duplicate)  to  give  direction  of  travelling 
to  sledging  parties. 

For  Observations  on  Board  Ship,  the  instruments  comprise  : 

(a)  L.  C.  *  Dip  Circle  and  Intensity  Apparatus  (in  duplicate)  for 
determining  the  Absolute  Dip  and  Relative  Intensity  at  sea  or  on 
land.  This  instrument  is  specially  designed  for  use  in  either  hemi- 
sphere, in  regions  between  the  40th  parallels  and  the  geographical 

♦  Lloyd-Creak. 
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poles,  the  weight  on  the  needle  being  attached  to  the  upper  end  of 
the  needle  as  shown  by  the  Dip. 

(fc)  Fox  Dip  and  Intensity  apparatus,  or  Fox  Circle  (in  duplicate), 
for  use  at  sea  between  any  two  land  stations  at  which  the  absolute 
values  of  the  Dip  and  Intensity  can  be  observed.  It  is  also  recom- 
mended for  use  in  sledging  parties. 

(c)  A  special  Standard  Compass  for  observing  the  Declination  or 
Variation  at  sea  and  for  use  in  swinging  to  ascertain  the  constants  of 
the  disturbing  iron  in  the  ship.  The  two  cards  of  this  compass  have 
periods  of  23  and  15  seconds  respectively  ;  the  latter  being  provided 
for  use  in  regions  of  low  horizontal  force. 

(rf)  A  gimbal  stand  for  mounting  the  L.  C.  and  Fox  Circles  and 
Fox  Compass,*  to  be  fixed  in  the  centre  of  the  ship's  observatory. 

(e)  Fox  Compass.  Horizontal  vibration  needle,  and  Vertical 
vibration  needle  in  Dip  circle,  for  ascertaining  the  disturbing  forces 
of  the  ship's  iron  at  the  centre  of  the  ship's  observatory  or  "  Fox 
position."    Also  at  Standard  Compass  position. 

Observations  at  Land  Stations, 

It  is  considered  that  the  Instructions  given  in  the  '  Admiralty 
Manual  of  Scientific  Enquiry '  (1886),  art.  Terrestrial  Magnetism, 
will  suffice  for  the  guidance  to  observers  in  the  method  of  observa- 
tion and  calculation  of  the  results  obtained  by  the  Unifilar  Magneto- 
meter, Barrow's  Circle,  L.  C.  Circle,  and  Fox  Circle  at  Land  stations. 

Special  instructions  for  the  Eschenhagen  Variometers  will  be 
supplied  with  the  instrument. 

It  is  important  that  the  magnetic  survey  in  Southern  waters 
should  be  preceded  by  observations  at  a  base  station  at  the  Cape  of 
Grood  Hope.  The  Cape  Town  magnetic  observatory  being  disturbed 
by  electric  tramways,  Simon's  Bay  offers  a  satisfactory  alternative  for 
such  a  base  station.  Here  the  Absolute  Horizontal  Force,  Dip  and 
Declination  should  be  observed  with  great  accuracy  and  the  Constant 
A  for  Lloyd's  needles  on  the  Barrow's  and  L.  C.  circles  respectively 
determined.  Complete  base  observations,  including  those  for  weight 
equivalents,  should  also  be  made  with  the  Fox  circles. 

On  arrival  at  Melbourne  immediate  arrangements  should  be  made 
for  making  complete  observations  with  every  instrument  to  be  used 
in  the  survey  at  the  Government  Magnetic  Observatory.  This  is  not 
to  include  the  Variometers,  which  are  only  intended  for  the  extreme 
southern  base. 

Especially  should  the  Absolute  Hprizgntal .  Force  and .  Dip  b<a 

♦  Bpcda]  compam  to  he  cnlled  the  Fox  CompRM. 
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observed  by  both  the  Unifilar  Magnetometers  and  both  Barrow's  Dip 
Circles ;  firstly  to  connect  Kew  and  Melbourne  magnetically ;  secondly 
to  obtain  fresh  values  of  Constant  A  for  the  Dip  Circles  with  the 
weights  used  at  Simon's  Bay,  and  then  with  heavier  weights  suitable 
for  measuring  the  largely  increased  forces  predominant  in  the 
Southern  regions  after  leaving  Melbourne.  {See  Chart  of  Total  Force 
supplied  to  the  Expedition.)  The  value  of  the  observations  of 
Intensity  in  Antarctic  regions  with  Lloyd's  needles  is  dependent  upon 
the  accuracy  with  which  these  base  observations  are  made. 

Observations  at  the  Antarctic  Land  Station, 

As  soon  as  the  Antarctic  land  station  is  selected  and  circum- 
stances permit,  the  Variometers  should  be  mounted  and  brought  into 
action  and  kept  so  during  the  sojourn  of  the  landing  party. 

It  is  expedient  that  the  absolute  determinations  for  zeros  and 
scales  values  should  be  made  once  a  week  during  the  first  month  of 
the  installation  of  the  Variometers. 

Hourly  observations  of  the  three  elements  are  required  to  be 
made  on  the  following  term  days  agreeably  with  international 
arrangement,  Greenwich  mean  time  being  adopted  throughout. 
Commencing  with  1st  February,  1902,  on  the  15th  February,  and 
then  on  the  1st  and  15th  of  every  succeeding  month  ending  on  15th 
February,  1903.  Also  observations  for  every  20  seconds  from  10  a.m. 
to  11  A.M.  G.M.T.  on  each  of  the  above  term  days.  Forms  are  sup- 
plied for  registering  the  observations. 

The  series  of  observations  made  at  Melbourne  should  be  repeated 
at  this  Antarctic  station.  Values  of  the  Total  Force  with  the 
Barrow*s  Circle  are  expected  to  yield  more  reliable  results  here  than 
those  by  the  Unifilar  magnetometer,  owing  to  the  low  horizontal 
force  prevailing  and  the  liability  of  the  horizontal  needle  to  frequent 
and  large  disturbances. 

As  complete  a  magnetic  survey  of  the  neighbourhood  of  this 
Southern  base  as  possible  should  be  made,  and  the  magnetic  ele- 
ments observed  by  sledging  parties  with  the  Fox  circles  and  small 
azimuth  compasses. 

Observations  of  the  Absolute  Horizontal  Force,  Absolute  Dip, 
Total  Force  by  Lloyd's  needles,  and  Absolute  Declination  should  be 
n[iade  here  once  a  month.    Quiet  days  are  recommended  for  this  work. 

Observations  on  Board  the  Ship, 

Observation  shows  that  a  large  number  of  land  stations  are 
affected  by  local  magnetic  disturbance,  and  normal  values  are  only 
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to  be  obtained  by  extended  magnetic  surveys  of  the  surrounding 
country.  It  has  also  been  shown  that  the  lands  hitherto  visited 
South  of  40^  S.  are  subject  to  like  disturbance.  Extended  land 
surveys  being  probably  out  of  the  question  for  this  Expedition,  the 
normal  values  which  can  be  obtained  on  board  the  ship  which  will 
traverse  large  tracts  of  sea  and  clear  of  the  land  are  of  great  value. 

As  observation  alone  will  show  how  far  the  instruments  on  board 
the  ship  are  free  from  disturbance  by  the  ship's  iron,  it  is  considered 
necessary  to  provide  methods  of  computing  the  corrections  for  all 
observations  in  case  of  such  disturbance. 

1.  Declination  or  Variation. 

To  obtain  the  correction  for  the  deviation  (S)  of  the  compass 
from  the  magnetic  meridian  in  all  latitudes,  we  require  to  know  the 
value  of  the  coefficients  A,  B,  C,  D,  E,  at  a  number  of  widely 
distributed  positions  on  the  globe.  These  can  be  obtained  whenever 
the  ship  is  swung  to  ascertain  simultaneously  the  deviations  of  the 
Standard  and  Fox  compasses.  (See  '  Admiralty  Manual  for  Deviations 
of  Compass,'  7th  ed.,  1901,  pp.  50-63.)  A,  D,  E,  do  not  change  by 
change  of  magnetic  latitude.  C  changes  inversely  as  the  horizontal 
force.  The  changes  in  B  may  be  computed  by  the  following  formulae, 
B  having  been  observed  in  two  widely  different  magnetic  latitudes : — 

P      c  ' 

-  +  -  Hi  tan  ^1  =  sin  Bi  .  Hi 

P  ^  }■  .  .  .  (1) 

r-  +  -  Hj  tan  ^t  =  sin  B,  .  Ha 

in  which  P  is  due  to  hard  iron,  and  varies  inversely  as  the  horizontal 
force ;  c  due  to  vertical  induction  in  vertical  soft  iron  and  changing 
as  the  tangent  of  the  dip.  0i  and  02  the  undisturbed  dip  at  the  two 
stations.  Hi  and  H2  the  horizontal  force  at  the  two  stations 
expressed  in  terms  of  the  horizontal  force  at  Greenwich  =  1*0. 

The  coefficients  being  known,  S  for  any  direction  of  the  ship's 
head  can  be  computed  by  the  equation 

«  =  A  +  B  sin  C  +  C  cos  f '  +  D  sin  2  ?'  +  E  cos  2  C 

{T  denoting  the  azimuth  of  the  ship's  head  by  the  disturbed  compass. 
Forms  are  provided  to  facilitate  this  computation. 

It  should  be  noted  that  whenever  the  ship  is  completely  swung, 
any  disturbance  from  the  ship's  iron  is  eliminated  and  valuable 
determinations  of  the  Variations  obtained. 

The  values  of  X,  fi  andg  (se^^  *  Adm.  Man.  Dev.  Compass,'  pp.  6o-T4^ 
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by  the  method  of  vibrations  should  be  obtained  on  all  occasions  of  the 
ship  being  swung  in  harbour,  observing  the  precaution  when  landing 
the  vibration  instruments  of  avoiding  positions  on  land  subject  to 
local  magnetic  disturbance.  Much  value  is  attached  to  values  of  ^ 
obtained  in  Antarctic  regions  when  the  vibrations  are  observed  on 
ice  instead  of  land  for  reducing  the  force  observations  made  on  board 
{see  below  under  Total  Force).  Forms  for  computing  X,  ^  and  g,  are 
included  in  those  for  £. 

2.  Inclination  or  Dip, 

In  order  to  correct  the  observed  dip,  we  require  to  know  the 
constants  A',  «,  d,  and  V,  and  the  coefficient  N",  in  addition  to  the 
coefficients  B,  C,  D,  obtained  for  the  Fox  position  when  swingLag — 

A'  =  X  (1  +  sin  D) 
.  =  X  ^ 


(1  +  sin  D) 

Tliese  are  constant  in  all  latitudes,  but  should  be  confirmed  by 
observation  on  large  changes  of  latitude.  With  the  value  of  8 
already  known,  coefficient  N  may  be  computed  from  observations 
made  at  the  Fox  position  by  the  formulae — 

5  cos  ?  +  N  =  {(1  -  2  sin  D)  sin  f-  sin  C}  cosec  f '  tan  ^   (2) 
«  cos  ?  +  N  =  (cos  f  +  sin  B)  sec  f '  tan  ^'      .      •      .      .     (3) 

Values  of  d  and  V  can  be  calculated  by  the  following  formula — 

V  ^ 

-t-ttj-  +  rf  tan  ^1  =  Ai  =  tan  ^1  -  Ni 

"^V  ^    .      .     (4) 

.  /  XT   +  d  tan  ^2  =  Aj  =  tan  ^2  -  Nj 

In  the  formulse  (2),  (3),  (4),  ff  is  the  observed  dip,  H  and  0 
have  the  same  meaning  as  in  (1),  ^  is  the  magnetic  azimuth  of  the 
ship's  head. 

Corrections  for  the  deviation  of  the  dip  needle  from  the  normal 
due  to  the  direction  of  the  ship's  head,  may  be  computed  by  the 
formulae  (5)  or  (6) — 

tan  ^  =  r- .,   ^  ^^/,x    .    t ^-Ti  sin  f        .     (5) 

(1  —  :^  sin  D)  sm  f  —  sm  C  ^  ^ 

.         rj  S  COS  f  +  N  ^  ,^. 

*^^  ^  = V   .      • — B  COS  f^ (6) 

COS  f  +  SIQ  B  *  ^    ' 

The  difference  between  the  values  of  &  so  obtained  and  N  being  the 
deviation. 
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Note. — ^When  the  direction  of  the  ship's  head  is  between  N.  45°  K 
and  S.  45°  E.,  or  between  N.  45°  W.  and  S.  45°  W.,  formulas  (2)  and 
(5)  should  be  employed.  In  the  Northern  and  Southern  semicircles, 
between  K  45°  E.  and  N.  45°  W.,  and  between  S.  45°  E.  and  S.  45° 
W.,  formulas  (3)  and  (G). 

The  several  corrections  having  been  calculated,  the  observed  dip 
{ff)  requires  three  corrections — 

1.  For  Index  error  (for  Fox  circle  only). 

2.  For  direction  of  ship's  heeuL 

3.  For  the  vertical  force  of  the  ship  =  A. 

3.  Total  Force. 

Tables  of  Corrections  for  deviations  of  the  Total  Force,  due  to 
the  direction  of  the  ship's  head,  may  be  computed  by  the  formula — 

E'  =  A'  H  {a  cos  ?  +  N)  cosec  ^    .     .     .     (7) 

The  difierences  between  the  several  computed  values  of  E'  for  eight 
or  more  equidistant  directions  of  the  ship's  head,  and  the  mean  of 
the  whole  =  E°,  will  give  the  corrections. 

With  the  values  of  A  taken  from  the  corrections  for  dip,  and  the 
value  of  6  already  obtained  from  the  corrected  values  of  ff^  the  Total 
Force  E  can  be  calculated  by  the  formula — 

E  =  (E°  sin  6°  +  A  H)  cosec  ^     .     .     .     (8) 

The  values  of  ff^  can  be  taken  from  those  of  N  =  tan  0^. 

When  observations  of  E'  can  be  observed  with  the  ship's  head  on 
or  near  both  East  and  West  by  the  Fox  compass,  the  mean  E'  =  E°. 
Then  if  the  value  of  /a  be  observed  about  the  same  time  from  vibra- 
tions on  East  and  West,  and  also  on  neighbouring  ice,  the  Vertical 
Force  Z  can  be  obtained  by  the  formula — 

Z  =  ?l^i^ (9) 

As  the  taking  the  vibrations  on  ice  will  occupy  a  very  short  time 
compared  with  the  full  observation  for  force,  this  method  is  recom- 
mended when  time  presses  and  the  ship  is  in  smooth  water. 

General  Remarks. 

In  addition  to  the  Land  stations  mentioned  above,  the  following 
are  selected  regions  for  observations  in  the  -ship : — 

(a)  Between  the  Cape  of  Good  Hope  and  Melbourne,  on  or  near 
the  parallel  of  40°  S. 
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(b)  As  far  South  as  possible  between  the  Longitude  of  160°  W. 

and  115°  E. 

(c)  Especially  in  the  region  comprised  between  Latitudes  65°  S. 

and  80°  S.,  Longitude  160°  E.  to  160°  W. 

(d)  Also  between  45°  S.  and  60°  S.,  and  between  the  Longitudes 

120°  E.  to  140°  E. 

(e)  From  Melbourne   to  Cape  Horn,  between  the  parallels  of 

50°  S.  and  60°  S. 

(1)  It  is  necessary  before  leaving  England  that  the  ship  should 
be  swung  for  deviation  of  the  compass  at  the  Standard  and  Fox 
positions,  the  coefficients  X  and  fi,  and  the  constants  g,  being  deter- 
mined at  the  same  time. 

It  is  recommended  that  these  initial  observations  should  be  made 
with  great  care,  the  resulting  data  being  of  great  importance  in 
showing  the  actual  amount  of  disturbance  caused  by  the  iron  in  the 
ship,  and  the  prospect  in  that  respect  for  the  future.  Spithead  is 
suggested  as  an  excellent  place  for  carrying  out  these  observations. 

(2)  It  is  not  necessary  to  swing  the  ship  for  observing  the 
deviations  of  the  Dip  and  Total  Force  from  the  normal,  but  to 
compensate  for  the  omission  of  that  laborious  operation  on  different 
occasions,  the  ship  should  be  swung  for  deviation  of  the  compasses 
on  the  eight  principal  points  as  often  as  it  can  be  conveniently  done. 
Each  swinging  should  occupy  about  one  hour.  The  Fox  compass 
must  be  invariably  compared  with  the  Standard  compass  when 
swinging. 

(3)  When  the  Fox  circle  is  employed  at  sea  the  method  of 
observing  the  deflections  by  grains,  as  well  as  by  deflectors,  should 
be  adopted  when  possible,  as  by  this  means  changes  in  the  moment 
of  the  deflectors  can  be  detected. 

(4)  The  declination  or  Variation  should,  when  practicable,  be 
observed  twice  in  the  day  at  sea,  and  when  the  sun's  altitude  is 
below  30°. 

(5)  The  Dip  and  Force  should  be  observed  daily  at  sea.  In  the 
high  Southern  latitudes  the  observations  should  be  repeated  during 
the  day,  thfe  hours  between  9  and  11  a.m.,  and  5  p.m.  and  7  p.m., 
being  recommended.  The  ship  should  be  carefully  steered  during 
these  observations,  any  departure  from  the  course  being  notified  to 
the  observer  in  the  observatory  by  an  assistant  stationed  at  the 
Standard  compass,  in  order  that  the  Dip  circle  may  be  adjusted  to  the 
meridian  if  required. 

(6)  Charts  of  the  Declination  and  of  Total  Force  are  supplied-. 
They  will  probably  be  liable  to  large  corrections  as  the  Magnetic 


TERRESTRIAL  MAGNETISM.  27 

Survey  goes  on,  and  must  be  considered  as  somewhat  wide  approxi- 
mations to  the  truth.  The  chart  of  Total  Force  should,  however,  be 
useful  in  deciding  the  size  of  the  weight  to  be  applied  to  the  force 
needles  in  the  Barrow  and  L.  C.  circles. 

(7)  It  is  necessary  to  keep  the  area  comprised  within  the  radius 
of  30  feet  from  the  Fox  position,  free  from  movable  iron  during 
magnetic  observations. 

(8)  No  mechanical  correctors  should  be  used  at  the  Fox  position. 
If  a  large  deviation  should  be  observed  at  the  Standard  compass 

on  the  East  or  West  points,  it  might  be  corrected  by  a  fore  and  aft 
magnet.  The  exact  date  of  its  application  and  remov£il  must  be 
noted,  the  ship  being  swung  on  each  occasion. 

The  steering  compasses  should  be  fully  corrected  by  soft  iron  and 
magnets  as  required. 

(9)  The  books  of  forms  supplied  for  registering  magnetic  observa- 
tions are  intended  for  retention  in  the  ship.  The  spare  forms  for 
making  copies  of  all  observations  to  be  sent  to  England  as  oppor- 
tunity offers. 

(10)  Although  Simon's  Bay,  Melbourne,  Lyttelton  and  the 
Antarctic  land  station  have  been  alone  mentioned,  observations  at 
any  other  port  of  call  during  the  voyage  are  much  wanted.  Amongst 
others  the  Falkland  Islands  may  be  specially  mentioned,  being  also 
within  the  zc  ne  of  operations. 

(11)  It  seems  to  be  a  subject  worthy  of  enquiry  whether  the  dis- 
turbances of  the  needle  from  the  normal  are  of  the  same  character  on 
ice  as  on  land* 


PBOGBAMME  FOB  INTEBNATIONAL  CO-OPEBATION 
DUBING  THE  aNTABCTIC  EXPEDITION  IN 
THE  TEABS  1902  AND  1903. 

1.  Thb  work  of  the  International  co-operation  at  the  time  of  the 
Antarctic  explorations  will  consist  of  simultaneous  observation  of 
the  magnetic  and  meteorological  conditions  of  the  Earth. 

A.  Observations  of  Terrestrial  Magnetism. 
2.  The  Object  of  these  is  to  make  available  to  science  a  series  of 
separate  pictures,  which  shall  represent  in  detail  the  change  taking 
place  in  the  magnetic  condition  of  the  Earth  as  a  whole  in  a  definite 
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interval  of  time.  A  knowledge  of  this  change  forms  the  only  basis 
on  which  a  closer  investigation  of  the  fundamental  problems  of  ter- 
restrial magnetism  can  be  founded. 

3.  The  Observing  Stations,  which,  it  is  hoped,  will  take  part  in 
the  international  co-operation,  are  distributed  over  the  globe  with  a 
uniformity  never  before  attained. 

4.  The  Observations.  All  observations  are  simultaneous  at  all 
stations.     They  are  of  two  kinds,  viz. : — 

(a)  Hourly  observations  of  the  three  elements  on  certain  fixed 

term  days,  to  determine  the  diurnal  variations  of  the 
Earth's  magnetism. 

(b)  Extended  observations  of  the  three  elements  during  one 

hour  agreed  upon  of  each  of  the  term  days,  to  trace  the 

course  of  individual  disturbances. 
Observations  of  the  first  class  begin  at  0  h.  p.m.,  G.M.T.,  of  a 
term  day  and  end  at  0  h.  p.m.  of  the  day  following.  At  stations 
where  the  twenty-five  hourly  values  of  the  three  elements  cannot 
be  taken  from  the  curves  of  self-recording  instruments,  readings  of 
all  thcee  variation-instruments  shall  be  taken  precisely  at  each  hour 
by  three  observers,  but  if  only  one  observer  is  available  the  instru- 
ments shall  be  read  successively  as  quickly  as  possible,  in  accordance 
with  the  following  scheme : — 

(flj— 1)  h.  59  m.  30  b.  G.M.T Decimation. 

Vertical  force. 
Horizontal  force. 

(a;)  h.    0  m.  30  8.        Horizontal  force. 

Vertical  force. 
Declination. 

Observations  of  the  second  class  will,  where  possible,  consist  of 
photographic  registers  of  all  three  elements  taken  on  quickly-moving 
cylinders  running  for  about  two  hours,  with  a  wide  time-scale  (about 
twenty-four  cm.  per  hour).  At  stations  without  the  necessary  equip- 
ment the  variation  instruments  shall  be  read  every  twenty  seconds 
for  a  complete  hour,  in  the  same  manner  as  in  observations  of  the 
first  class,  according  to  the  following  scheme : — 

(or)  h.    0  m.    Ob Declination. 

Vertical  force. 
Horizontal  force. 

(a;)lL    0  m.  20  8.        Declination. 

Vertical  force. 
Horizontal  force  and  bo  on. 

(x+l)h.    Om.    Ob Declination. 

Vertical  force. 
Horizontal  force. 
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It  is  to  be  specially  noted  that  the  period  of  vibration  of  the 
needle  of  an  instrument  should  not  be  twenty  seconds,  or  any  aliquot 
part  thereof. 

5.  List  of  Term  Days  and  Hours. — All  observations  of  the  inter- 
national co-operation  shall  be  made  according  to  Greenwich  Mean 
Time. 

TemdATa.    ObMrvatlonB  hourly  Term  boars.    Observationt 

fhim  0  h.  p.m.  to  0  b.  p.iD.  extended  daring  the  boor. 

1902.    February    1      0  h.  p.m.  till  1  h.  p.m. 

15      1  k.  p.m.  „  2  h.  p.m. 

March         1      2  h.  p.m.  „  3  h.  p.m. 

15  ..      ..      ..  3  h.  p.m.  „  4  b.  p.m. 

April           1      4  h.  p.m.  ^  5  h.  p.m. 

15     5  h.  p.m.  „  6  h.  p.m. 

May            1      G  b.  p.m.  „  7  b.  p.m. 

15      7  b.  p.m.  M  8  b.  p.m. 

June           1      8  b.  p.m.  „  9  h.  p.m. 

15      9  b.  p.m.  „  10  b.  p.m. 

July            1      10  b.  p.m.  ^  11  h.  p.m. 

15      11  b.  p.m.  „  0  b.  a.m. 

August       1      0  h.  a.m.  „  lb.  a.m. 

15     1  b.  a.m.  ^  2  h.  a.m. 

September  1      2  h.  a.m.  „  3  h.  a.m. 

15      3  h.  a.m.  „  4  b.  a.m. 

October      1      4  b.  a.m.  „  5  b.  a.m. 

15     5  b.  a.m.  ^  6  h.  a.m. 

November  1      6  b.  n.m.  „  7  h.  a.m. 

15      7  b.  a.m.  „  8  b.  a.m. 

December  1      8  b.  a.m.  „  9  b.  a.m. 

15      9  b.  a.m.  „  10  h.  a.m. 

1003.    January      1      10  b.  a.m.  „  11  b.  a.m. 

15      11  b.  a.m.  „  0  h.  p.m. 

February    1      Ob.  p.m.  „  1  b.  p.m. 

15     1  b.  p.m.  „  2  b.  p.m. 

The  variation  instruments  should  be  placed  in  position  and  fully 
tested  as  long  as  possible  before  February  1, 1902,  so  that  the  follow- 
ing terminal  observations  may  be  made  in  January : — 

1902.  January   1   10  b.  a.m.  tUl  11  b.  a.m. 

15   11  b.  a.m.  „  0  h.  p.m. 

6.  Special  Observations  on  the  Term  Days, — It  is  desired  that  special 
attention  be  devoted  on  the  term  days  to  observations  of  atmospheric 
electricity  and  appearances  of  the  aurora. 

7.  The  Variation  Instruments, — For  polar  stations  it  is  sufficient 
if  the  instruments  are  of  such  sensitiveness  that  one  scale  division, 
eqnal  to  one  mm.  of  the  ordinates  of  the  curves,  correspond  to 

For  Declination      5min.  ofarc. 

Horizontal  force      10  7  =  000010  C.G.S. 

Vertical  foree 10  7  =  000010  C.G.S. 
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,in  units  of  the  centimetre-gramme-second  system.     For  stations  in 
lower  latitudes  the  following  scale  of  sensitiveness  is  desirable : — 

Deolinatioii      Imin.  ofarc. 

Horizontal  force      67 

Vertical  force 67 

It  is  desirable  that  at  temporary  observatories  the  zeros  of  the 
instruments  should  be  ascertained  between  the  term  days  by  means 
of  absolute  measurements,  and  the  sensitiveness  of  the  instruments 
should  be  tested  several  times  a  year. 

8.  Tke  Absolute  Instruments,- — It  is  desirable  that  the  permanent 
observatories,  either  before  or  during  the  period  of  joint  observa- 
tions, should  carefully  test  the  constants  of  their  standard  instru- 
ments, and  make  a  fresh  series  of  comparisons  amongst  themselves. 
The  absolute  instruments  of  the  temporary  observatories,  which  serve 
to  standardise  their  variation  instruments,  must  be  compared  with 
the  standards  at  home  before  starting,  and  again  after  their  return. 

9.  Observation  Forms, — The  ofiSce  of  the  Seventh  International 
Geographical  Congress  in  Berlin  will  send  a  specimen  of  Observation 
Forms,  in  which  the  terminal  observations  are  to  be  entered,  to  each 
of  the  co-operating  stations. 


31 


V. 
ANTARCTIC   CLIMATE. 

INTRODUCTION. 

The  meteorology  of  the  Antarctic  regions  is  practically  unknown 
to  science,  inasmuch  as  only  one  expedition,  that  of  the  Belgian 
Government,  in  1898-9,  has  been  able  to  furnish  observations  for 
even  one  complete  year. 

The  other  expeditions,  of  which  there  have  been  five  (including 
that  of  Eoss,  1841-3),  have  only  been  able  to  supply  records  covering 
a  few  months,  at  best ;  and  those  generally  not  from  a  fixed  station, 
as  they  were  taken  on  board  a  ship  at  sea. 

The  Belgica  was  frozen  up,  and  drifted  more  or  less  with  the  ice. 
Her  movement  covers  eight  degrees  of  longitude ;  but,  as  to  lati- 
tude, which,  as  Dr.  Supan  justly  observes,  is  most  important,  she  only 
varied  from  69°  50'  to  71°  30',  so  that  her  observations  are  confined  to 
a  narrow  belt. 

The  observations  of  Ross's  expedition  have  already  been  discussed 
at  the  Meteorological  Office— and  published,  in  1873,  under  the  title 
*  Contributions  to  our  Knowledge  of  the  Meteorology  of  the  Antarctic 
R^ons ' — so  that  it  has  not  seemed  necessary  to  reproduce  them  in 
this  Manual. 

As  to  the  other  information,  the  amount  is  so  small  that  the  best 
coarse  appears  to  be  to  reproduce  the  several  accounts  in  full,  either 
as  reprints  from  English  journals  or  as  translations  from  German 
sources. 

The  first  paper  given  is  extracted  from  *  Klimatologie,'  by  Hofrath 
Dr.  Julius  Hann,  a  work  universally  regarded  as  the  most  compen- 
dious and  trustworthy  in  existence  on  the  climates  of  the  globe. 

This  is  followed  by  a  paper  by  Dr.  W.  S.  Bruce  on  his  observa- 
tions in  the  whaler  Balama  in  1892-3. 

The  next  paper  is  a  summary,  by  Dr.  A.  Supan,  of  the  observa- 
tions from  the  Antarctic,  This  ship  was  a  whaler  belonging  to 
Mr.  Sven,  Foyn  of  Tonsberg.  It  was  under  the  command  of  Captain 
Kristensen,  and  Mr.  Borchgrevink  shipped  as  one  of  the  cTe>N,    \\. 
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left  Melbourne  September  20, 1894,  and  returned  in  March  1895,  so 
that  the  observations  represent  only  two  months,  December  1894  and 
January  1895. 

The  German  Valdivia  expedition  is  the  next.  The  scheme  for 
this  voyage  was  laid  before  the  meeting  of  the  Deutsche  Naturfor- 
scher  und  Aertzte,  on  August  1,  1898,  by  Professor  Chun,  of  Leipzig. 
It  was  approved,  and  the  German  Government  voted  300,000  marks 
(£15,000)  in  its  aid.  The  steamer  was  chartered  in  Hamburg,  and 
was  under  the  command  of  Captain  Krech.  Dr.  Chun  was  scientific 
director ;  and  Dr.  G.  Schott,  whose  paper  is  reproduced,  was  oceano- 
grapher.  The  stay  in  high  southern  latitudes  was  not  much  longer 
lihan  that  of  the  Antarctic. 

We  now  come  to  the  Belgian  expedition,  which  spent  fourteen 
months  within  the  Antarctic  circle.  Of  this  we  have  two  accounts, 
one  by  Hofrath  Hann  and  the  other  by  Dr.  Supan,  and  both  are 
reprinted. 

Lastly,  we  have  the  recent  expedition  fitted  out  by  the  liberality 
of  Sir  G.  Newnes.  The  ship  was  called  the  Southern  Cross,  and  the 
leader  of  the  expedition  was  Mr.  Borchgrevink.  The  observations 
have  not  been  thoroughly  discussed,  so  that  all  that  is  available  is  a 
preliminary  notice  by  Mr.  Bernacchi,  meteorologist  to  the  expedition, 
and  that  is  what  we  reproduce. 

Egbert  H.  Scott. 


FSOM  HANN. 

{Handbueh  der  Klimatologie,  2ad  Edition,  1897,  vol  iii.  p.  543.) 

For  the  climate  of  the  Antarctic  zone  we  only  possess  a  few 
incomplete  observations,  which  have  been  obtained  by  various  ex- 
peditions to  those  regions.  Two  peculiarities  of  the  climate  are 
strongly  expressed,  the  very  low  summer  temperature,  and  the 
extraordinarily  low  readings  of  the  barometer.  The  observations  of 
Sir  J.  C.  Ross  during  the  three  famous  expeditions  to  the  South  Pole 
in  1840-43  in  H.M.SS.  JErebvs  and  Terror,  and  of  Moore  in  the 
Pagoda  in  1845,  give  for  64°  30'  S.  lat.  a  mean  summer  tempera- 
ture of  31° '1  (four  months'  observations,  December  to  March, 
between  60°  and  68°  S.) ;  and  for  February,  between  75°  and  78°  s!, 

*  Not  printed  in  the  *  Metcorologische  Zcitflchrift* 
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as  low  as  24**  •  1.    These  are  the  lowest  summer  temperatures  we  know 
of  anywhere.* 

For  the  pressure  at  sea-level  in  high  Southern  latitudes  the 
same  observations  give  the  following  mean  values : 

Latitude      60°~67°       65°-7r        70°-75°       75°-78°  S. 
Barometer    29-123        29-032         28*898  28*969. 

Accordingly,  the  mean  pressure  here  is  as  low  as  it  is  in  the  Northern 
Hemisphere  in  great  depressions  or  during  heavy  storms. 

This  very  low  barometrical  pressure  in  the  Southern  Hemisphere 
is  accompanied  by  strong  and  almost  constantly  stormy  Westerly 
winds  south  of  the  parallel  of  40°  S.  I  The  whole  Antarctic  circum- 
polar  area  presents  us,  as  already  statea,  with  a  vast  cyclone,  of  which 
the  centre  is  at  the  pole,  while  the  Westerly  winds  circulate  round  it. 
The  universal  water-covering  of  high  southern  latitudes,  which  opposes " 
no  obstiacle  to  the  imiform  development  of  this  rotatory  motion  in  the 
lower  strata  of  the  atmosphere,  is  the  cause  of  this  rapid  reduction  of 
pressure  with  increasing  latitude.  In  the  Northern  Hemisphere  the 
continents  do  oppose  such  obstacles,  owing  to  the  independent  circu- 
lations of  the  atmosphere  to  which  they  give  rise. 

The  report  of  the  voyage  of  the  Antarctic  in  1895  states:  "  The 
barometer  within  the  Antarctic  circle  stood  at  29  inches  with  calm 
fine  weather,  and  even  at  28  inches  the  weather  was  still  fine."  On 
the  whole  the  weather  in  summer  is  generally  reported  as  fine  within 
the  Antarctic  circle,  there  is  often  a  clear  sky,  a  bright  sun,  a  light 
wind,  verylittle  fog,  but  certainly  frequent  snow  showers.  The 
heavy  stormy  weather  prevails  outside  the  polar  circle.  The  almost 
constant  fog  of  the  northern  circumpolar  area  is  nowhere  to  be  found 
in  the  south. 

This  appears  to  indicate  that  a  barometrical  maximum  must  exist 
over  the  snow-covered  Antarctic  continent,  if  such  a  region  exists. 
In  the  highest  southern  latitudes  the  prevalent  winds  are  Southerly 
and  South-easterly.  The  surface  currents  also  come  from  a  Southerly 
direction ;  the  ice  drifts  towards  the  north-east.  As  long  ago  as  in 
1872  Neumayer  put  the  limit  of  the  "  brave  West  winds  "  at  about 

One,  or  still  better,  several  winterings  in  high  Southern  latitudes 

*  The  obaerTations  given  in  *•  Contributions  to  our  Knowledge  of  the  Meteorology  of 
the  Aataretjo  Regions'  show  for  December  (/40-/42,  81  dajB),  in  eS""  S.,  32^*0;  for 
Jumftiy  (/42  and  /43,  62  days),  in  65°  7'S.,  30'^- 7;  for  February  (/43,  28  days),  in 
er  5'  a,  S0<^-7) ;  for  March  (/41  /42  and  /45,  61  days),  in  63°  6'  8.,  30°-4.  The  later 
dtmrfutkmM  in  the  Antareiie  gi?e,  according  to  Supan,  for  the  beginning  of  summer, 
12^  in  60^  S.     Boos  appears  to  hare  had  cold  jears. 
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would  enable  us  to  solve  some  of  the  most  important  and  interesting 
problems  of  scientific  climatology.  The  knowledge  of  the  winter 
temperatures  in  the  polar  region  of  a  water  hemisphere  is  at  present 
the  most  pressing  requirement  of  our  science,  as  we  have  pointed  out 
in  vol  i.  p.  209,  etc. 

The  notice  closes  with  references  to  papers  by  Neumayer,  Supan, 
Murray  and  Dinklage,  the  last-named  on  the  great  ice-drift  in  the 
Southern  Ocean  since  1891,  in  the  'Annalen  der  Hydrographie/ 
1893,  p.  41,  et  seq. 

TraDslation  of  a  letter  from  Hofratb  Hann  to  Mr.  B.  H.  Scott,  in  reference  to 
his  remarks  on  the  Antarctic  Anticyclone  (*  Elimatologie,'  yoL  iii.).* 

"As  regards  the  Antarctic  Anticyclone,  I  have  certainly  not  expressed 
myself  quite  clearly  in  my  '  Elimatologie,'  as  yon  very  fairly  point  out. 

"  It  is  certain  that  an  area  of  pressure,  which  is  higher  than  that  of  the 
surrounding  area,  lying  over  a  chilled  continent,  or  over  any  considerable  land 
area,  can  coexist  with  a  great  polar  cyclone,  for  instance,  round  the  South 
Pole.  The  very  low  temperature  can  produce  in  the  lower  strata  of  the 
atmosphere  a  pressure  higher  than  its  environment.  The  anticyclone,  however, 
must  be  very  shallow,  and  at  a  moderate  elevation  the  ordinary  circulation  of 
the  atmosphere  must  re-establish  itself,  fiorchgrevink's  observations  at  Cape 
Adare  proved  that  pressure  sank  lowest  in  winter,  and,  accordingly,  the  pres- 
sure in  the  upper  strata  made  its  iufluence  felt  as  the  predominating  one  at  the 
ground  level.  It  is  just  possible  that  further  inland  a  slight  increase  of 
pressure  might  be  observable.  There  is  certainly  no  chance  of  the  existence  of 
a  real  continental  anticyclone,  inasmuch  as  at  Gape  Adare  the  barometer  falls 
from  summer  to  winter. 

"  The  barometer  maximum  which  the  South-east  wind  produces  is  evidently 
a  very  shallow  one,  coufined  to  the  lower  strata,  and  is  only  to  be  detected  as  a 
reduction  in  the  rate  of  decrease  of  pressure  towards  the  pole.  It  is  an 
interesting  question,  the  solution  of  which  will  possibly  be  supplied  by  the 
forthcoming  expeditions." 

*  Letter  not  dated,  but  received  in  December.— B.  H.  S. 
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METEOBOLOOICAL  BEMABKS  BY  W.  S,  BBUCE  ON 
BO  ABB   THE  ^'BALJSNA,''   1892-93. 

Weather. — The  meteorological  observations  of  the  expedition  are 
more  complete  than  any  other  set  of  observations,  and  for  general 
(though  perhaps  more  for  local)  conditions  we  have  some  interesting 
notes. 

Periods  of  calms  and  gales  alternate  in  this  part  of  the  world.  On 
Christmas  Eve  and  Christmas  Day  there  was  a  perfect  calm  ;  the  sky, 
axcept  at  the  horizon,  had  a  dense  canopy  of  cumtdus  rolls,  which 
rested  on  the  summits  of  the  western  hills,  and  when  the  sun  was 
just  below  the  horizon,  the  soft  greys  and  blues  of  the  clouds  and  the 
spotless  whiteness  of  the  ice,  as  it  floated  in  the  black  and  glassy  sea, 
were  tinted  with  the  most  delicate  of  colours — rich  purples  and  rosy 
hues,  blues,  and  greens  passing  into  translucent  yellows.  This  was  a 
very  typical  calm  day,  but  there  were  also  calm  days  with  cloudless 
skies  and  brilliant  sunshine.  Should  a  gale  blow  from  a  Southerly 
direction,  it  was  usually  accompanied  by  snow,  and  if  from  a  Northerly 
direction,  by  wet  fog,  as  shown  below : 

Februabt  8,  1893. 


Time. 

Wind 
Force  l-ia. 

Cloude* 
0-10. 

Weather. 

Dry- 
Bolb. 

1 
8 
10 
12 
16 
20 
22 

N.W.3        

N.N.E.  4  to  5     ..      .. 

N.N.B 

N.  byW.2 

8.W.6to7 

D.D.W.  10     ..        •«        .. 

8.8,  W.  10 

•  • 

10 
10 
10 
10 
10 
10 

thick  wet  fog 

overcast ;  thick  very  wet  fog,  and  raw 
.  overcast ;  foggy,  raw,  raining 
overcast ;  thick  fog ;  very  wet  sky 
overcast ;  misty  round  horizon 
overcast ;  snow  showers  since  6  p.m. 
overcast ;  snowing ;  coarse  dirty  night 

32-3 
32-8 
31-9 
33-4 
30- 1 
29-6 
29-2 

On  January  29,  30,  31,  and  February  1  we  had  a  hard  gale.  It 
blew  chiefly  from  the  South,  but  backed  and  veered  between  South- 
south-west  and  South  by  East.  At  times  on  the  29th  and  30th  I  have 
recorded  wind  of  a  force  up  to  10.  On  the  29th  I  have  noted  that 
this  was  pronounced  by  all  to  be  the  heaviest  of  all  since  we  made 
the  ice ;  on  the  30th  the  skipper  told  us  that  had  we  been  in  the  open 
ocean,  with  our  vessel  in  good  trim,  she  would  scarcely  have  borne 
close-reefed  topsails.  From  10  p.m.  on  the  29th  till  8  a.m.  on  tVi^ 
30th  we  steamed  full  speed  against  the  wind,  and  only  made  a\>ouX, 

d2 
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'  1  mile  headway.*  Snow  was  falling  almost  continuously,  being  very 
fine  and  slight.  The  thermometer  fell  from  31-7''  R  to  27-7°  F. 
Again  on  February  10  1  have  recorded  a  brief  North-west  and  North- 
north-west  gale,  after  which  there  were  some  hours  of  calm.  The 
wind  by  8  a.m.  on  February  12  had  veered  to  South,  force  1,  and 
remaining  South,  increased  to  force  8  by  11  a.m.,  rising  to  a  recorded 
11  to  12  at  noon.  At  4.30  a.m.  on  the  13th  it  had  not  abated  in  the 
least ;  from  8  a.m.  to  3  p.m.  force  8  is  recorded,  and  in  the  evening 
there  was  only  a  strong  breeze.  In  this  instance  I  must  have 
recorded  too  great  a  force,  according  to  some  authorities,  since  I  am 
here  to  tell  the  tale  ;  but  our  captain  described  it  as  the  hardest  gale 
that  ever  blew  in  the  Arctic  or  the  Antarctic,  and  so  hard  that  we 
could  not  have  borne  close-reefed  topsails  in  the  open.  For  part  of 
the  time  thick  fog  prevailed,  and  fine  snow  was  driven  before  the 
wind.  The  thermometer  fell  from  32  •  4°  F.  to  25  •  2°  F.  The  baro- 
meter was  lowest  at  10  a.m.  on  the  12th,  standing  at  28*978  inches, 
and  by  1  a.m.  on  the  13th  had  only  risen  to  29  •  057. 

Observations  were  made  every  two  hours  as  far  as  was  possible, 
and  have  been  grouped  in  twelve  columns  for  each  day.  The  mean 
of  these  has  been  calculated  for  every  month,  and  again  from  these 
twelve  means  the  mean  temperature  of  the  month  has  been  obtained. 
In  no  ctise  does  the  mean  monthly  temperature  exceed  that  of  the 
freezing-point  of  water.  For  the  last  two  weeks  of  December  it  was 
31  •  V  F.,  which  was  also  the  mean  temperature  of  January,  while 
that  of  the  first  eighteen  days  of  February  was  29*7°  F.  In  the 
region  traversed  from  lat.  61°  S.  to  64°  40'  S.,  and  from  long.  53°  W, 
to  57°  W.,  which  may  roughly  be  compared  to  that  of  the  Faroes  in 
the  Northern  Hemisphere,  the  mean  air-temperature  in  the  month  of 
maximum  temperature  is  half  a  degree  below  the  freezing-point, 
instead  of  about  23  degrees  above  it  It  may  be  assumed  that 
January  is  the  warmest  month,  since  the  observations  made  in 
December,  while  giving  the  same  mean  temperature,  were  obtained 
only  in  the  latter,  and  presumably  the  warmer,  fortnight  of  the 
month.  Except  for  the  rise  at  6  a.m.  in  December,  which  is  the 
mean  of  only  two  readings,  and  is  therefore  not  considered,  the  two 
hourly  mean  temperatures  cross  the  line  of  the  melting  of  ice  only  at 
4  and  8  p.m.  in  December,  and  at  2  p.m.  in  January,  the  mean 
maximum  at  2  p.m.  in  February  coming  within  two-tenths  of  it 

The  warmest  hours  of  the  day  (8  a.m.  to  6  p.m.)  averaged  31  "5° 
in  December,  31*4°  in  January,  and  30*5°  in  February ;  while  the 
night  temperatures  (8  p.m.  to  6  a.m.)  were  1  •  1°  lower  in  January, 

*  Under  moat  fAVonrshXe  condilionB,  calm  sea  and  no  wind,  the  Teflael  can  steam  8  knots. 
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and  2  *  9°  lower  in  February  (the  night  means  cannot  be  calculated 
satisfactorily  for  December). 

The  following  table  shows  the  maximum  and  minimum  readings 
in  each  month  and  for  the  whole  period : 


Maximum. 

Minlmam. 

Rang*. 

1892. 

December  16-31  .. 

37«1®,  noonoD  16th 

24*6^,  1.30  a.m.  on  6th 

12-5<> 

1893. 

Jannarj  1-31 
Febnury  1-18 

37'3®,  2  p.iD.  on  15th 
36-2°,  4p.nLon7th 

/  27*7^,  8  p.m.  and  midnight  \ 
\     on  30th                            / 
20*8^,  noon  on  17th 

9-6° 
15-4*» 

Hence  the  extreme  temperatures  recorded  were — maximum  37 '  3° 
and  minimum  20  •  8^  giving  a  range  of  16  •  5°  F. 

As  with  temperature  observations,  pressure  observations  were 
made  every  two  hours,  as  far  as  was  possible,  and  have  been  grouped 
in  twelve  columns  for  each  day.  The  mean  of  these  has  been  calcu- 
lated for  every  month,  and  the  whole  period  mean  has  been  obtained. 
The  mean  pressure  for  the  last  two  weeks  of  December  was  29  •  357 
inches;  for  January,  29*273  inches;  and  for  first  eighteen  days  of 
February,  29*160  inches.  There  is  thus  a  falling  oflf  in  pressure 
from  December  to  February,  the  mean  for  the  whole  period,  Decem- 
ber 16  to  February  18,  being  29  •  263  inches,  or  about  half  an  inch 
lower  than  for  the  corresponding  season  in  the  Faroe  Islands.  All 
the  means  attain  a  maximum  at  10  a.m.  and  6  p.m.,  and  all,  except 
those  for  February,  at  midnight  also.  There  seems  to  be  a  minimum 
period  during  the  early  morning  hours.  On  the  whole  the  pressure 
appears  to  be  greater  in  the  afternoon  than  in  the  forenoon ;  but  the 
forenoon  data  are  insufficient  for  obtaining  reliable  results. 

The  following  table  shows  the  maximum  and  minimum  readings 
in  each  month  and  for  the  whole  period : 


Maximnm. 

Minimum. 

Range. 

1892. 

Inches. 

Inches. 

December  16-31    .. 

29-834,  6  a.m.  on  16th 

28*801,  8  a.m.  on  20th 

1*033  in. 

1893. 

29*753,  4  p.m.  on  2nd 

28-745, 10  pjn.  on  20th 

1-008  in. 

Febmarj  1-18 

29-750,  4  p.m.  on  6th 

28-850 

0-896  in. 

Hence  the  extreme  pressures  recorded  were — maximum  29  •  834 
inches,  and  minimum  28*745  inches,  giving  a  range  of  1*089  incili. 
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THE  METEOBOLOOICAL  OBSERVATIONS  OF  THE 
''ANTABCTIO"  IN  THE  SOUTHERN  POLAR  SEA, 

1894-1895. 

{MeUorologitehe  ZeiUchri/t,  yoI.  ziU.  1896,  p.  111.) 

The  meteorological  observations  of  the  last  South  Polar  Expedition 
are  about  the  most  important  of  the  results  which  have  been  secured. 

The  log  has  been  reproduced  by  photolithography,  and  of  this  a 
specimen  has  been  reprinted  in  Petermann's  '  Mitteilungen.*  The 
observations  cover  the  months  of  December  1894  and  January 
1895,  and  were  taken  six  times  per  day,  but  they  are  unfortunately 
incomplete.  Here  and  there  mistakes  have  occuixed  either  in  observing 
or  copying.  The  temperatures  are  in  whole  degrees  F.,  and  the 
barometer  was  only  read  to  tenths  of  an  inch. 

Air  Temperature, — South  of  latitude  60°  the  temperature  ranged 
between  43°  and  27^  Ross,  in  the  same  region,  in  the  first  three 
months  of  1841,  had  recorded  41° '5  and  11° '7.  Hann  had  calculated 
from  Boss's  observations,  for  the  zone  60°  to  68°  S.  a  mean  tempera- 
ture for  summer  of  30°  •  5,  and  for  the  zone  75°  to  78°  S.  a  mean 
February  temperature  of  24°*1.  We  may  therefore  assume  from  the 
log  of  the  Antarctic  that  Boss's  mean  values  are  decidedly  below  the 
normaL  From  the  latitude  66°  S.,  where  the  Antarctic  remained 
from  December  15  to  January  5,  if  we  neglect  the  obviously  incorrect 
observations  for  December  23,  we  can  draw  a  fair  diurnal  tem- 
perature curve,  and  from  this  determine  the  24-hour  value. 
This  is  32°  (in  the  beginning  of  summer!)  with  a  range  of  2° -2 
(31°*  1  at  4  a.m.,  33° '3  at  4  p.m.).  The  Antarctic  remained  in  the 
belt  of  latitude  between  70°  and  74°  from  January  15  to  26.  If 
we  omit  the  figures  for  4  p.m.  we  can  get  a  good  curve,  and 
for  a  24-hour  mean  the  value  31° '6,  with  a  range  from  33° '3  to 
30° '4.  Eoss  was  in  these  latitudes  from  January  10  to  21,  1841. 
The  mean  of  the  extremes  was  then  29°  7  (absolute  niaximum 
40° '5,  minimum  26° '4).  If  we  remember  that  1841  belonged  to 
a  cold  climatic  period,  and  that  we  are  probably  in  a  warm  one  at 
present,  we  may  fairly  frame  the  hypothesis  that  the  noruial  mean 
for  the  summer  lies  between  the  values  of  Boss  and  Kristensen. 

Temperature  of  Sea  Water. — We  need  not  reproduce  these  figures, 
inasmuch  as  they  show  a  very  uniform  condition.  We  may,  however, 
pdnt  out  the  distinction  between  different  belts  of  the  Southern 
Ocean  as  follows : 
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1.  In  the  northern  belt  the  following  surface  temperatures  were 
observed  at  noon : — 


54°  33'  S. 
56''  41' 
58°  47' 

6r  11' 


48° -0 
440.1 

39° -9 
37°- 9 


2.  From  63°  S.  temperatures  below  32°  were  observed,  and  up  to 
the  parallel  of  66°  almost  all  the  observations  lay  between  28°  and  30°. 

3.  Inside  the  belt  of  pack-ice,  between  66°  and  68°  S.,  the  water 
showed  a  constant  temperature  of  28°  "0. 

4.  Between  68°  and  70°  S.  the  records  ranged  between  28° '9  and 
28° -0. 

5.  Within  the  Antarctic  circle  the  sea  had  a  constant  temperature 
of  28°*  9.  In  the  same  latitude  and  at  the  same  season,  Boss  had  a 
mean  value  of  29°'  1. 

Pressure. — The  barometer  readings  need  some  correction,  and  it 
would  be  very  desirable  to  have  them  discussed.  The  maximum 
observed  within  the  polar  zone  was  29*30  ins.,  and  the  minimum 
28*10  ins.  The  persistent  low  pressure  in  high  latitudes  round  the 
South  Pole  is,  therefore,  confirmed  by  this  expedition. 

Winds. — The  force  is  regular,  and  the  direction  seems  to  have  been 
recorded  regularly.  Of  the  former  we  give  daily  mean  values  in  the 
general  table.  If  we  reduce  these  to  eight  points  we  obtain  the 
following  short  table  : —      ^ 


Frequeney 
Percentagei, 

December  (4-31) 

January  ..     .. 


Mean  Force  (0- 10), 
December  (4-31) 
January  .. 


H. 

N.E. 

B. 

&E. 

8. 

B.W. 

w. 

H.W. 

OALM. 

4-3 

8-5 

2-8 

00 

8-2 

16-3 

35-8 

191 

100 

90 

7-3 

17-8 

4-5 

17-3 

8-2 

19-5 

6-2 

10-2 

4-5 

30 

2-8 

mmmm 

2-9 

4-6 

4-3 

4-2 

•  • 

2-6 

3-3 

60 

3-9  ;  4-4 

1 

3-8 

50 

3-4 

•  • 

TOTAL. 
1000 

100-0 


The  change  which  took  place  between  December  and  January  is 
remarkable ;  the  Westerly  equatorial  winds  gave  way  to  Easterly 
polar  winds,  and  at  the  same  time  the  force  increased  considerably. 
In  January  anticyclones  seem  to  have  appeared  frequently  in  the 
south-east,  and  this  seems  to  indicate  the  presence  of  a  land  area 
covered  with  ice. 

Weather, — The  suggestion  which  has  just  been  expressed  is  con- 
firmed by  the  fact  that,  as  a  rule,  clear  weather  came  with  Southerly 
and  Easterly  winds.     In  December  there  were  eight  "  clear "  days. 
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and  as  many  "  partially  clear/'  In  January  the  "  clear  "  days  reached 
the  total  of  thirteen,  and  five  were  at  least  **  partially  clear."  Eain 
was  last  observed  on  December  5  in  lat.  63°  S.  After  that  date 
precipitation  was  always  in  the  solid  form.  December  had  four, 
January  twelve  days  of  snow. 

SUPAN.     . 


METEOBOLOOICAL  OBSERVATIONS  ON  THE  GERMAN 

''VALDIVIA"  EXPEDITION. 

(From  GeographiccU  Journal,  vol.  xv.  p.  527.) 

Thb  meteorological  equipment  had  been  supplied  from  the  "  Seewarte  " 
at  Hamburg.  A  meteorological  journal  was  kept,  the  observations 
being  registered  every  four  hours  (day  and  night)  by  the  officer  on 
the  bridge.  Besides  these  important  observations,  we  had  three 
i^tering  instruments,  a  thermograph,  a  hygrograph,  and  a  baro- 
graph (by  Richard  Fr&res),  which  showed  themselves  very  correct 
daring  the  entire  voyage.  Thus  for  every  hour  of  our  way  we  shall 
be  enabled  to  give  the  most  important  climatic  elements.  A  hygro- 
graph, especially  in  the  high  Southern  latitude,  is,  perhaps,  a  new 
thing  at  sea. 

The  variations  of  the  barometer  in  the  squalls  of  the  Tropics, 
at  the  change  of  the  winds,  etc.,  have  been  observed,  and  some 
observations  of  insolation  and  radiation  have  been  made,  besides 
measurements  of  the  amount  of  rainfall,  etc. 

I  will  here  describe  only  the  state  of  the  weather  near  the  ice- 
limit,  as  we  know  it  for  a  relatively  large  distance  from  0°  to  60°  E. 
long.  Here  the  limit  between  the  stormy  region  of  the  "  brave  West 
winds  "  and  the  light  East  winds  south  of  about  55°-57°  S.  lat.  has  a 
particular  interest. 

When  we  left  Cape  Town  in  November,  on  a  South-south-west 
course,  we  had  variable  and  often  stormy  weather,  frequently  a  heavy 
sea,  and  sometimes  heavy  storms  from  the  West-north-west.  Not 
later  than  near  Bouvet  Island  we  got  temperatures  of  tlie  water  of 
30°  F.  and  of  the  air  under  32°  F. — that  is  to  say,  in  the  southern 
summer  and  in  a  latitude  like  the  northern  part  of  England.  Add 
thereto  a  continuous  storm  from  North-west  or  West-north-west,  and 
you  may  see  that  it  was  terrible  weather;   the  deck  was  iioieii  oi 
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covered  with  slush  and  ice.  When  going  along  close  to  the  ice 
during  the  next  three  weeks  we  got  continually  an  air-temperature 
under  32°  F. ;  the  minimum  was  only  27° '  5  F.,  but  this  was 
sufficient  to  produce  some  disadvantages.  The  pumps,  the  fresh- 
water tanks,  the  steam-pipes  which  supplied  one  of  the  sounding- 
machines,  were  frozen,  and  sometimes  the  ship  was  totally  covered 
with  snow,  as  in  the  hardest  winter. 

As  to  the  details,  we  got  the  West  winds  up  to  about  20°  E.  long., 
in  55J°  S.  lat.  On  December  4  we  seemed  to  lose  the  stormy  West 
winds  and  to  reach  their  polar  side,  for  the  character  of  the  weather 
for  the  entire  distance  from  20°  to  60°  E.  long,  to  65°  S.  lat.  was 
totally  altered.  We  had  light  winds,  mostly  from  the  East,  of  force 
1-3  of  Beaufort's  scale  at  most,  with  calms  and  often  perfectly  smooth 
sea,  not  even  a  ripple,  on  December  5,  6,  7,  8,  10, 11,  12,  14,  15,  17, 
21 ;  that  is,  on  70  per  cent,  of  the  seventeen  days  we  spent  South  of 
55°  lat.  On  the  remaining  30  per  cent,  of  those  days  we  had 
moderate  to  strong  winds,  but  also  from  the  East,  North-east  and 
North,  and  even  storms  from  the  East ;  at  any  rate,  no  sign  of  West 
winds  during  all  these  weeks. 

This  weather  by  itself  was  favourable  for  our  work,  but  the 
frequent  fog  and  overcast  grey  sky  prevented  us  sometimes,  on  the 
other  hand,  from  going  on.  As  soon  as  we  had  passed  55°  S.  lat.  on 
our  way  northward,  this  time  to  the  East,  in  the  longitude  of 
Kerguelen,  we  again  met  with  the  stormy  West  winds,  and  Westerly 
storms  accompanied  us  up  to  Kerguelen.  There  remains  still  one 
remarkable  thing,  that  is,  the  change  of  the  barometer.  You  might 
expect  that,  beyond  the  stormy  West  winds,  that  is,  south  to  about 
55°  lat.,  in  the  light  East  winds  and  good  weather  the  barometer 
rose  again,  and  that  we  had  a  relatively  high  pressure  of  the  air. 
To  my  surprise,  we  got  the  following  results  from  the  registering 
instrument : — 

Within  the  West- wind  region,  mean,  29"  •  51 ;  and  in  their  Western 
part  (Bouvet),  29" -63  ;  and  in  their  Eastern  part  (Kerguelen),  29" '40, 

Within  the  East-wind  region,  mean,  29" '32. 

The  most  Southerly  regions  had  the  lowest  average  of  atmospheric 
pressure ;  we  have  not  yet  found  a  rising  of  the  barometer  towards 
the  pole  or  a  trace  of  an  Antarctic  anticyclone,  not  even  near  Enderby 
Land. 

G.   SCHOTT. 
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THE  BELGIAN  EXPEDITION. 

See  aUo  Henryk  Ar^towski,  '  The  Antarotio  Climate,'  Geographical  Journal^ 

Yol.  xiy.  (1899)  p.  413. 

Preliminary  Results  of  the  Meteorological  Observations  of 

THE  Belglan  Antarctic  Expedition. 

I.  Pressure. — M.  Ar9towski,  Meteorologist  and  Geologist  to  the 
Bdffica,  has  published  in  'Ciel  et  Terre/  No.  12  (26th  year), 
August  16,  1899,  the  most  important  results  of  his  observations. 
This  expedition  has  had  the  merit  of  supplying  to  science  the  first 
complete  year's  records  from  the  Antarctic  regions. 

The  following  figures  for  pressure  are  quite  approximate,  being 
taken  from  aneroid  readings  and  without  any  correction  for  tempera- 
ture. We  shall,  therefore,  confine  ourselves  to  reproducing  the  most 
important  figures  : 

Prbbbubs  Means  and  Extbkmbs  (March  1898-Feb.  1899).    28  ins.  + 


1 

Jtt.        Feb. 

Hat. 

Apr. 

May. 

JoDe. 

July. 

Aug. 

Sept 

Oct. 

Not. 

Dec 

Year. 

1-422 

1-953 
0-894 

1029 

1-674 
0-406 

1190 

1-741 
0-548 

0-961 

1-678 
0-138 

1-382 

2-091 
0-752 

2-508 

2-335 
0-882 

1-441 

1-981 
0-812 

1-418 

2-134 
0-182 

1-351 

1-835 
0-319 

1-319 

2111 
0-430 

1-371 

1-690 
0-792 

1-457 

1-831 
0-957 

1-319 

2-335 
0-138 

Range. 

Jm. 

Ttb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 
1-953 

S«>pt. 

Oct. 

Nov. 

Dec. 

Year. 

1-059 

1-268 

1198 

1-539 

1-339 

1-453 

1-169 

1-516 

1-681 

0-898 

0-874 

2-197 

For  February  and  March  there  are  two  years'  observations.  The 
absolute  maximum,  30*335,  on  June  11,  1898,  and  the  absolute 
minimum  of  27 '  965  on  March  2,  1899,  both  values  reduced  to  32*^ 
(but  not  80  the  means).  The  correction  for  gravity,  which  has  not 
been  applied,  is  about  -f  0  063  inch.  The  absolute  range  was  2*379 
inches.  The  mean  of  the  monthly  ranges  is  1  '358  inch.  The  means 
for  the  seasons  are :  Summer,  1  •  067  ;  Autumn,  1  •  358 ;  Winter,  1  •  524 ; 
Spring,  1  •  150  ;  so  we  see  that  the  great  variations  of  pressure  extend 
to  beyond  the  parallel  of  70°  S. 

The  mean  pressure  shown  by  the  observations  cited  abov^  \s 
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higher  than  was  to  be  expected  from  the  three  years'  observations  of 
Ross  (but  certainly  the  results  given  above  are  only  approximate). 
Koss  gives  as  means  for  the  summer  in  66°  S.,  29*123;  in  74°  S., 
28  •  993  ;  the  Belgian  figure  (also  for  the  summer,  in  about  70°  S.)  is 
29*300.  As  the  variations  of  pressure  in  the  several  seasons  are 
considerable,  we  must  wait  for  the  results  of  the  projected  expeditions 
before  we  can  come  to  any  definite  conclusions  as  to  the  increase  of 
pressure  in  the  highest  Southern  latitudes. 

M.  Arftowski  concludes  from  the  monthly  means  that  the 
annual  curve  shows  maxima  at  the  solstices,  and  minima  at  the 
equinoxes.  Such  a  curve  would  not  be  so  improbable,  for  the 
normal,  or  theoretical,  winter  minimum  of  the  circumpolar  region  is 
masked  by  a  maximum  at  the  time  of  greatest  cold,  in  the  lowest 
strata,  so  that  the  only  minima  which  remain  are  in  spring  and 
autunm.     In  this  case,  too,  we  must  wait  for  further  observations. 

The  calculated  annual  range  is  as  follows : 

29-320  -f  -137  sin  (216°-8  +  x)  +  0-150  sin  (135°-0  +  2x). 

II.  Temperature  of  the  Antarctic  Winter, — The  Belgian  South 
Pole  Expedition  has  supplied  us  with  the  first  data  about  the  winter 
temperature  of  the  Antarctic  regions,  a  subject  which  has  excited 
very  great  scientific  interest,  inasmuch  as  hitherto  we  have  had 
nothing  but  summer  temperatures  from  high  Southern  latitudes. 
The  mean  of  the  twenty-four  hourly  observations  have  been  as  yet 
only  approximately  calculated.     The  results  are  as  follows  : 

TEMPEEATUBE  IN  SOUTHERN  POLAR  SEA,  Mab.  1898  to  Feb.  1899. 

(70°-71°  S.  lat.,  85°-95°  W.  long.) 

Observed  Meaks. 


Jan. 

Feb. 

Mar. 

Apr. - 

May. 

June. 

Joly. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

T« 

29"*- 8 

30*2 

15°  6 

lo'-s 

20°  3 

o 
41 

-10-3 

o 
11-7 

o 
-1-3 

18°  0 

19°  8 

28°  0 

14' 

Ybablt  Meah 

\  Smoothed,  Fibst  Appboximatiob 

r. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec 

Y« 

28-9 

29-8 

24-8 

13-4 

61 

0-7 

0-7 

4-3 

7-2 

13-6 

18-7 

24-3 

14 

Monthly  Minima. 


Jan. 

Feb. 

Mar. 

Apr. 

May.      June.      July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec 

Ye 

17-4 

14-7 

-4-5 

-15-7 

-13-2 

1 

-22-0 -34-8 

-21-3 

-45-6 

-15-2 

-6-5 

5-9 

-4 
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The  monthly  maxima  are,  unftjrtunately,  not  given,  as  "  they  ai^ 
of  less  interest."  In  the  winter,  maxima  of  30°  to  32°  were  noted ; 
in  summer  these  figures  rose  to  34°  or  36° ;  so  that  the  range  is  very 
slight 

Inasmuch  as  the  monthly  means  for  the  one  year's  observations 
show  a  very  irregular  course,  as  is  usually  the  case  with  observations 
from  the  sea  at  high  polar  latitudes,  I  have  attempted  to  obtain  the 
equation  of  the  yearly  march  of  temperature.  I  have  carried  out  the 
calculation  to  the  fourth  term,  but  have  convinced  myself  that  it  would 
be  best  to  stop  at  the  second  term,  and  have  accordingly  done  so. 

The  annual  equation  for  the  temperature  is,  accordingly, 

14°-7  +  14°-2  sin  (86°-2  -f  x)  +  2°-2  sin  (3°-l  +  2x). 

By  means  of  this  formula  I  have  calculated  the  monthly  temperatures, 
which  may  be  taken  as  the  most  probable  temperature  means. 

The  winter  is  relatively  mild  for  high  latitudes,  but  the  summer 
very  cold,  just  as  Nansen  found  it  in  the  Arctic  Ocean,  but  in  a 
latitude  ten  degrees  higher.  The  winter  minimum  of  —  45° '6  was 
recorded  at  4  a.m.  on  September  8,  and  is  unexpectedly  low. 

The  mean  temperatures  for  the  seasons  are : 

Summer.       Autumn.        Winter.         Spring.  Year. 

Observed        29°-3         15°-6         l°-8         12°-0         14'*-7 
Calculated      27°-7        15°-4        l°-9        ll°-8        14°-7 

The  annual  range  of  temperature  should  be  29° '2,  but  the  observed 
range  40° '5  is  certainly  much  greater. 

The  projected  expeditious  from  Germany  and  England  ought  to 
supply  us  with  more  precise  data  as  to  the  winter  temperatures  of 
high  Southern  latitudes. 

J.  Hann. 


TEE  FIRST  METEOROLOOICAL  COMPLETE  YEAB  FROM 

THE  SOUTH  POLAR  REGIONS. 

By  Dr.  Supan. 

(Meteorologisohe  Zeitschrift,  Yol.  xvii.  pp.  220-22a) 

I  HAVE  taken  M.  Arptowski's  figures  and  have  somewhat  condensed 
them,  and  have  brought  them  together  in  a  modified  form  in  the 
tnbjoined  tables,  and  it  has  appeared  to  me  advisable   to  T^du^^ 
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the  wind  directions  to  eight  points,  and  to  treat  calms  and  winds 
separately.  It  is  not  without  a  feeling  of  reverence  that  we  regard 
these  simple  rows  of  figures,  which  give  us  the  first  glimpse  into 
the  physics  of  the  mysterious  Antarctic  area,  and  not  merely  into 
its  meteorology,  for  they  put  us  in  a  position  to  draw  far-reaching 
conclusions,  as  we  hope  to  show  further  on. 

It  was  a  circumstance  particularly  fortunate  for  the  scientific 
observations  that  the  Belgian  ship  was  all  but  icebound  for  a  whole 
year.  The  longitudes  vary  from  87°-95°  W.,  but  the  latitudes  (which  is 
most  important)  varied  only  from  69*^  50'  to  71°  30',  so  that  the 
meteorological  observations  have  almost  the  same  value  as  if  they 
had  been  taken  on  land.  The  mean  latitude  is  70°  40' :  the  mean 
temperature  of  this  latitude  in  the  Northern  Hemisphere  is  14° '2 
according  to  Spitaler,  or  (if  we  take  account  of  the  isotherms  for 
Greenland,  as  corrected  by  Mohn)  13°' 6;  and  is  therefore  not  mate- 
rially discordant  from  the  Belgian  station,  which  is  14° '5.  For  the 
parallel  of  70°  S.  Hann  has  calculated  an  annual  temperature  of  23°, 
on  the  hypothesis  of  an  ocean  free  from  ice ;  it  can  therefore  be  seen 
how  the  ice  modifies  the  conditions.  We  can  certainly  now  maintain 
that  the  favourable  thermal  conditions  of  the  Southern  Hemisphere, 
which  are  clearly  manifested  between  lat.  50°  and  55°,  thanks  to  the 
extension  of  open  sea,  are  again  lost  as  we  approach  the  pole.  This 
comes  out  even  more  clearly  if  we  compare  the  two  hemispheres. 
The  parallel  of  70°  N.  runs  over  vast  continents,  while  the  Belgian 
station  lay  over  the  open  sea. 

By  using  Spitaler's  Tables  we  can  calculate  the  mean  temperature 
of  70°  N.  and  thus  obtain : 


70«N. 


70°  8. 


Year. 


'Atlantic   and   Asiatic  Arctic  sea, 
20°W. -75°E 

I  American  Arctic  sea,  160"  K  -55°  W. 

.Entire  Arctic  sea      

87°-95°W 


28-4 

8-8 

181 

14-7 


Coldest 
Month. 


14-9 
-220 
-  4-2 
-10-3 


WannM* 
I  Month. 


43-5 
410 
42-3 
30-2 


The  difference  between  the  Arctic  and  the  Antarctic  climates  is 
very  striking,  and  its  explanation  is  to  be  found  in  the  system  of  the 
Antarctic  winds.  The  Belgian  station  lay  in  winter  in  the  region  of 
Westerly  winds,  in  summer  in  that  of  Easterly,  and  this  change  had 
such  a  decidedly  Monsoonal  character  that  we  may  fairly  suppose 
that  the  weather  phenomena  of  the  year  of  observation  exhibit  the 
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type  of  the  climate  of  the  region.  This  result  is  of  the  highest 
importance.  If  the  surface  of  the  Antarctic  (i.e.  the  area  portion 
bounded  by  the  Antarctic  circle)  were  approximately  homogeneous,  that 
is  if  the  Pole  lay  in  the  centre  of  a  continent,  or  if  there  were  only 
very  small  islands,  the  centre  of  the  South  Polar  anticyclone  would 
lie  persistently  over  the  pole,  and  the  system  of  Polar  winds  would 
extend  itself  uniformly  on  all  sides,  in  winter  naturally  further  than 
in  summer,  and  the  data  from  the  Belgian  expedition  would  give 
us  a  picture  the  exact  opposite  of  what  they  do ;  there  would  be 
Easterly  and  Southerly  winds  in  winter,  Westerly  and  Northerly  in 
summer.  But  the  anticyclone  itself  is  subject  to  shiftings  in  the 
course  of  the  year ;  in  winter  it  moves  further  towards  the  Eastern 
Hemisphere,  and  for  this  we  can  assign  no  other  explanation  than 
that  a  cold  centre  must  lie  on  that  side,  towards  the  Indian  ocean. 
But  such  a  centre  can  only  develop  itself,  apart  from  the  Pole,  over 
large  areas  of  land.  Accordingly  we  find  in  the  Belgian  winter 
observations  a  new  argument  for  the  idea,  that  the  Antarctic  land 
area  belongs  chiefly  to  the  Eastern  Hemisphere,  where  most  topo- 
graphical indications  of  a  continent  are  presented  to  us  by  Victoria 
Land  and  Wilkes  Land. 

In  winter  therefore  the  Belgian  station  lay  in  the  zone  of  the 
South  Polar  depression :  and  this  is  further  proved  by  the  fact  that 
the  non-periodic  barometer  oscillations  reached  their  greatest  ampli- 
tude at  that  season. 

On  the  other  hand,  the,  curve  of  pressure  for  the  year  shows  a 
character  quite  different  from  that  of  the  depression  in  the  Northern 
Hemisphere  up  to  70°  N.,  for  the  barometer  was  lower  in  summer 
than  in  winter,  so  that  apparently  the  Southern  edge  of  the  depres- 
sion was  not  very  far  distant  from  the  station.  Despite  the  prevalence 
of  Equatorial  winds  the  winter  was  very  cold,  partly  owing  to  the 
frequency  of  calms,  but  principally  because  the  oceanic  area  from 
which  the  winds  came  has  no  Gulf  Stream  to  warm  them.  Circimi- 
stances  as  favourable  as  those  which  are  found  in  the  North  Atlantic 
Polar  Sea  do  not  occur  elsewhere  on  the  surface  of  the  Earth. 

Spring  and  summer  are  in  fact  times  of  transition.  They  are 
characterised  by  the  struggle  for  mastery  between  the  Equatorial  and 
Polar  winds.  This  explains  the  irregularity  of  the  annual  curve,  the 
abnormal  cold  of  April  and  September,  and  the  abnormal  warmth 
of  May. 

The  predominance  of  the  Polar  winds  in  summer  is  even  more 
strongly  marked  than  that  of  the  Equatorial  in  winter. 

The  low  temperature  is  not  so  very  surprising  for  the  AnlwceXici 
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Temperature. 

Mean. 

«aiire. 
Aba.  Range. 

Wind  Freqnency  Percentages 
Obaonratlooa. 

of  a] 

11 

Mean. 

Aba.  Mln. 

1898 

o 

o 

ina. 

ina. 

N. 

N.E. 

E. 

&E. 

8. 

8.W. 

w. 

N.W. 

March 

15-6 

-  4-4 

2919 

1-40 

5 

12 

18 

11 

16 

15 

17 

6 

April 

10-8 

-15-7 

28-96 

1-54 

8 

6 

20 

21 

11 

7 

13 

14 

May 

20-3 

-13-4 

29-38 

1-34 

30 

20 

6 

4 

2 

1 

16 

21 

Jnne 

41 

-220 

•51 

146 

5 

8 

9 

7 

5 

15 

38 

13 

July 

-10-3 

-34-8 

•44 

117 

5 

1 

11 

18 

19 

15 

22 

9 

August 

-11-7 

-21-3 

•42 

r96 

9 

9 

7 

6 

3 

12 

30 

24 

Sept. 

-  1-3 

-45-6 

-35 

152 

12 

19 

14 

8 

11 

11 

16 

9 

Oct 

180 

-15-3 

•32 

1-69 

12 

10 

8 

3 

9 

18 

22 

18 

Nov. 

19-8 

-  6-5 

•37 

0-90 

11 

22 

24 

7 

7 

11 

11 

7 

Deo. 

280 

+  5-9 

•46 

0-87 

2 

16 

26 

18 

7 

16 

12 

8 

1899 

1 

Jan. 

29-8 

1  +17-4 

•42 

106 

2 

30 

32 

19 

9 

6 

2 

0 

Feb. 

30-2 

+  14-7 

•00 

1-30 

9 

18 

28 

22 

7 

4 

8 

4 

Autumn 

15-6 

-15-7 

•18 

1-96 

15 

13 

14 

12 

10 

8 

15 

13 

Winter 

19-8 

-34-8 

•46 

216 

6 

6 

9 

10 

8 

14 

31 

16 

Spring 

12-0 

-45-6 

•31 

1-80 

11 

16 

15 

6 

9 

14 

17 

12 

Summer 

29-3 

+  5-9 

•29 

167 

4 

22 

29 

19 

8 

9 

7 

2 

Year 

14-7 

-45-6 

2932 

2^20 

9 

14 

17 

12 

9 

11 

17 

11 

conditions,  but  it  furnishes  us  with  a  very  interesting  problem  if  we 
compare  the  results  with  those  from  the  Arctic  regions.  It  is  a 
well  known  fact  that  at  all  land  stations  in  the  North  Polar  regions, 
up  to  lat.  82° -5  K,  we  have  summer  temperatures  above  32*^,  even 
with  the  stations  on  the  edge  of  the  inland  ice  of  Greenland;  in 
every  place  the  influence  of  the  land  from  which  the  snow  has  gone 
makes  an  impression  on  the  temperature  of  the  lower  strata  of  the 
atmosphere.  In  the  ice  of  the  sea  it  is  different,  as  we  see  from  the 
observations  from  the  Fram,  in  Nansen*s  account  of  his  journey  (2nd 
edition). 

There  we  find : — 


1894  in  81**  lat.  N 

1895  ..  84° -0 


ti 


)i 


Mean  of 
warmeat  month. 

Mean  of 
summer. 

32" -5 

30° -6 

3r-o 

28° -8 

These  temperatures  are,  considering  the  latitude,  incomparably 
higher  than  those  of  the  Belgica  in  lat.  70°  S.     We  might  suppose 
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tiiat  the  surrounding  land  must  contribute  to  raising  the  temperature 
over  the  inner  part  of  the  Arctic  Sea,  but  that  ought  to  manifest  itself 
by  great  contrasts  in  the  thermal  wind-rose,  but  according  to  Dr. 
Mohn's  lecture  at  the  Geographical  Conference  at  Berlin,  no  such 
contrasts  are  discoverable.  The  summer  temperatures  from  the  Fram 
are  therefore  the  correct  ones  for  the  North  Polar  regions,  and  are 
not  seriously  affected  by  winds,  and  we  must  look  for  another  cause 
for  the  very  low  temperatures  of  the  Antarctic  summer.    This  cause 


Gftlms. 
Percentages 

ofaU 
ObeenratioDa. 

/     Nnmber  of  Days  with 

Light  Winds. 

not  abuTe 

Force  1. 

OTercasi 
or  Fog. 

Clear  ftn* 

several  Honis 

together. 

Sdow. 

Rain. 

1898 
Mareh       

91 

.  • 

6 

15 

13 

•• 

April         

91 

2 

10 

14 

22 

.• 

M»y 

91 

3 

15 

8 

30 

4 

Jmie 

7-2 

3 

5 

16 

24 

•• 

Joly 

25-8 

15 

7 

22 

14 

•• 

Angott      

8-9 

3 

9 

15 

26 

1 

September        ..     .. 

19-3 

7 

9 

14 

19 

•• 

October     

101 

4 

16 

12 

25 

2 

16-8 

8 

13 

10 

25 

•• 

December 

14-2 

4 

9 

13 

18 

•• 

1899 
JeaiMiy 

5-9 

5 

17 

6 

19 

4 

February 

31 

1 

21 

1 

22 

3 

Avtaimi 

91 

5 

31 

37 

65 

4 

Wiater      

13-9 

21 

21 

53 

64 

1 

Spring       

16-8 

19 

88 

36 

69 

2 

Bnamer 

7-9 

10 

47 

20 

59 

7 

YfM 

11-6 

55 

137 

146 

257 

14 

most  be  the  Antarctic  continent,  which  must  be  entirely  covered 
with  ice,  the  low  summer  temperature  of  which  is  carried  far  and 
wide  over  the  ocean  by  the  Polar  winds.  Land-ice  and  sea-ice  behave 
themselves,  contrary  to  the  usual  ideas,  very  difierently  as  regards 
their  summer  conditions.  The  sea-ice  breaks  up  into  floes,  while  the 
land-ice  remains  always  a  compact  mass. 

Accordingly  we  find  in  the  summer  observations  a  new  confirma- 
tkm  of  the  supposed  Antarctic  continent,  and  we  may  fairly  expect 
Ihal^  owing  to  the  very  slight  rise  of  temperature  in  summei,  ^^ 
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shall  find  there  the  absolutely  lowest  yearly  temperature,  the  absolute 
Pole  of  Cold  on  the  Earth. 

It  also  comes  out  from  Ar^towski's  tables  that  the  sea  climate  of 
the  Antarctic  regions  is  unpleasantly  characterised  by  strong  winds, 
long  continued  fogs,  heavy  clouds  and  frequent  downpours.  The 
winter  is  the  best  time :  calms  are  frequent,  and  the  number  of  days 
on  which  the  sky  is  clear  for  hours  together  reaches  its  highest  figure. 
In  all  these  particulars  which  affect  so  materially  the  personal  sensi- 
bility  to  temperature,  the  summer  shows  us  an  exact  contrast  to  the 
winter.  The  material  is  not  sufficient  for  a  thorough  investigation  of 
the  Antarctic  climate ;  and  we  must  particularly  regret  that  the  figures 
for  pressure  have  not  been  corrected. 

SUPAN. 


METEOROLOOICAL    OBSERVATIONS   ON   THE  '' SOUTHERN 
CROSS''  EXPEDITION  TO  THE  ANTARCTIC,  1899-1900. 

By  Louis  Bernacchi. 

(From  Oeographieal  Journal^  yoL  xvi.,  1900,  pp.  404-408,  also  p.  569.) 

The  following  is  an  outline  of  the  meteorological  and  magnetic 
observations  taken  by  the  expedition  in  Southern  latitudes.  The 
observations  being  still  unreduced,  it  is  impossible  to  discuss  them 
fully  at  present,  and  for  this  reason  no  readings  of  the  barometer  can 
be  given  in  this  report.  These  meteorological  observations  were 
taken  at  Cape  Adare  in  lat.  7V  18'  S.,  during  an  entire  year,  from 
February  1899  to  February  1900.  They  were  conducted  on  nearly 
the  same  lines  as  at  a  station  of  the  First  order,  and  as  accurately  and 
regularly  as  possible.  During  the  nine  months  of  the  year  readings 
were  taken  two-hourly,  from  9  a.m.  to  9  p.m. ;  and  during  the  three 
winter  months,  June,  July  and  August,  two-hourly  observations  were 
made  day  and  night.  Besides  these  readings,  and  those  of  maximum 
and  minimum  thermometers,  the  self-registering  instruments  fur- 
nished barograph  and  thermograph  curves  for  the  whole  period,  and 
records  of  the  amount  of  sunshine  were  made  by  the  Campbell- 
Stokes  sunshine  recorder.  The  tables  given  below,  although  only 
first  approximations,  are  sufficiently  exact  to  indicate  the  general' 
nature  of  the  climate.    Observations  taken  at  Cape  Adare  are  possibly 
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affected  to  a  certain  degree  by  local  accidents,  such  as  the  contour 
of  the  country  and  proximity  to  the  sea ;  but  the  record  for  the  year 
has  the  great  advantage  of  being  taken  at  one  spot. 

Meteorological  observations  were  taken  on  board  ship  every  two 
hours,  night  and  day,  during  the  month  (January  1899)  she  was 
beset  in  the  ice-pack.  The  geographical  area  over  which  the  observa- 
tions were  taken  was  between  the  parallels  of  63""  38'  S.  and  66''  46'  S., 
and  the  meridians  of  160°  6'  E.  and  166°  56'  E. 

The  mean  temperature  of  the  air  for  January  was  29° '94  R, 
and  of  the  sea  29°*  64  F. ;  the  mean  temperature  for  the  second 
week  being  the  highest  in  both  cases,  as  is  shown  by  the  following 
table : 


Table  L— Wsbklt  lis  an  Tempbbatubes  iob  Javuabt  1899. 


1 

1 

Mean  temperatore 
of  air. 

Mean  temperatare 
of  tea. 

•F. 

op. 

Fintweek       

30-2 

29-8 

8«xmd  week 

31-9 

801 

Third  week      

29*4 

29-5 

Fourth  week 

28-4 

29-2 

1 

The  lowest  temperature  for  the  month,  which  occurred  on  the 
29th,  at  3  a.m.,  was  16°-8  F.  (-  8°-8  C.)  in  lat.  66°  45'  and  long. 
165°  25'  E.,  oflF  one  of  the  Balleny  Islands.  The  highest  temperature 
for  the  month  was  36° '4  at  5  p.m.  on  the  12th,  lat.  65°  3'  and  long. 
161°  42*  E.  The  mean  diurnal  oscillation  of  temperature  for  the 
month  was  5°*20  F.  The  greatest  range  between  the  maximum 
and  the  minimum  of  one  day  was  16°  F.,  the  least  1°  F. 

Light  and  variable  winds  prevailed  during,  most  of  the  month ; 
the  force  was  rarely  greater  than  4,  Beaufort's  scale.  Gales  blew  on 
the  9th,  16th,  22nd  and  23rd,  when  the  velocity  of  the  wind  exceeded 
30  miles  an  hour.  The  weather  may  be  summarised  as  5  days'  clear 
bright  sunshine ;  13  days'  snow  and  sleet ;  2  days'  rain,  when  the 
temperature  rose  above  32° ;  4  days'  mists  and  fogs ;  and  the  rest 
overcast. 

As  will  be  seen  from  Table  II.,  the  mean  temperature  at  Cape 
Adare  is  above  zero  for  six  months  of  the  year,  and  for  six  months 
below  lero. 

AugiiBt  was  the  coldest  mouthy  the  mean  temperature  being 
-  13°-4  r.   (- 25°-2  C).     The  extreme  minimum   tempeiatuift 
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TaBLI  II.— MOKTHLT  MCAM  TnCPKBATfTHn.* 


Month.  '  MeanTem- 

peratnre. 

f I 

O  V 

lg99.  i  '^• 

February 26-4  f 

March 17-7 

April ;        lOS 

May -  4-6 

June i     —11*8 

July i     -  8-6 

August        ,     -13-4 

September i     -11-9 

October       -  18 

Noveuiber +17-8 

December 81*8 

1900. 
January      i        330 


Dateuf 
Maximum. 


5th 

2nd 

4th 

11th 

18th 

15th 

7th 

15th 

2bth 

25th 

23rd 


Maxi- 
mum. 


•  • 
31-1 
30  0 
23-2 
141 
23*8 
18-9 
11-5 
19-6 
45-7 
42-2 

48-9 


Date  of 
Mlnlmmn. 


25th 

19th 

13th 

3rd 

9th 

4th 

30th 

2iid 

let 

nth 

10th 


Mtntmun* 


»F. 
•  • 
-  2-5 
-100 
-311 
-.36-0 
-89-9 
-43- 1 
-36-1 
-35  5 
-40 
+20-4 

22*5 


Rang*. 


•P. 
•  • 
83*6 
400 
54-3 
50-1 
63-7- 
62-0 
47-6 
551 
49-7 
21-8 

26-4 


Mean  temperature  for  the  year  =  7^*05  F. 

occurred  on  August  4,  at  9  p.m.,  during  perfectly  calm  and  clear 
weather.  Table  III.  shows  the  fall  of  temperature  dtiring  the  afternoon 
of  that  day,  with  the  accompanying  barometric  pressure : 


Tabu  IIL 

Time. 

Temperature. 

Temperature. 

Barometer  (oorr.> 

op. 

•a 

iDchea. 

1  (>.m.    ..     .. 

-360 

-37-8 

29-292 

3   „       ..     .. 

-400 

-400 

29-312 

5   „       .... 

-41-5 

-40-8 

29-324 

7   .,'    ..     .. 

-420 

-411 

29-344 

9 

-43- 1 

-41-7 

29*355 

/  At  these  temperatures  the  mercury  froze  in  the  ordinary  thermo- 
meters, aud  spirit  ones  had  to  be  used.  The  above  temperatures  are 
means  derived  from  three  thermometers.  At  these  low  temperatures 
.there  was  a  slight  diversity  in  the  indicationa  of  the  respective 
thermometers,  even  after  applying  the  corrections  as  given  upoa-  the 
Kew  certificates.      The  maximum  temperature  observed  at   Ci^ 


•  I 
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Adare,  48** '9  F.,  occurred  during  a  very  heavy  storm  from  the 
East-south-east,  on  January  23,  1900 ;  but  this  is  quite  exceptional. 
The  mean  monthly  temperature  is  above  freezing-point  during  one 
month  of  the  year,  viz.  January. 

The  relatively  high  mean  temperature  for  July  is  due  to  the 
number  of  gales  from  East-south-east  and  South-east  during  that 
month,  the  temperature  invariably  rising  with  these  winds.  The 
extreme  range  of  temperature  was  92°  F.,  and  the  mean  tempera- 
ture for  the  year  +  7° -056  F.  (-  13°-9  C),  which  compared  to 
the  mean  annual  temperature  for  the  same  northern  latitude,  is 
extremely  low.  The  mean  temperature  for  Lapland,  in  7V  N.,  is 
about  32°  F.,  and  the  mean  temperature  for  the  north  of  Spits- 
bergen, which  extends  as  far  north  as  82°  N.,  is  about  10°  Fahr. 

The  temperature  of  the  sea  during  the  greater  part  of  the  year, 
that  is,  while  the  surface  of  the  sea  is  frozen  over,  remained  constant 
at  27° '8  F.  In  the  summer  months,  December,  January  and 
February,  it  rarely  rose  above  32°  F. 

During  the  winter  months,  or  at  least  during  the  seventy-one  days 
that  the  sun  remained  constantly  below  the  horizon,  the  diurnal 
variations  of  the  thermometer  and  barometer  were  scarcely  per- 
ceptible, being  almost,  if  not  quite,  concealed  by  the  oscillations  due 
to  the  passage  of  storms. 

The  intensity  of  solar  radiation  was  measured  with  the  black- 
bulb  thermometer  in  vacuo.  This  instrument  was  freely  exposed  to 
the  sun  by  fixing  it  horizontally  above  the  ground  at  the  same  height 
as  the  thermometer  screen,  viz.  4  feet  6  inches. 

A  temperature  above  80°  F.  was  frequently  recorded  by  this 
thermometer,  while  the  temperature  in  the  shade  remained  below 
freezing-point  These  high  readings  were  probably  due  to  the  hygro- 
metric  conditions  of  the  atmosphere,  the  air,  on  account  of  the  intense 
cold,  being  extremely  dry. 

Table  IV.  gives  some  of  the  highest  readings  with  the  solar 
radiation  thermometer  and  the  temperature  of  air  in  the  shade  ob- 
aerved  at  the  same  time. 

The  most  remarkable  feature  in  the  meteorological  conditions  of 
the  Antarctic  is  the  wind.  The  prevailing  East-south-east  and  South- 
east winds  at  Gape  Adare,  which  is  within  the  area  of  abnormally 
low  pressure,  tend  to  prove  the  existence  of  a  great  anticyclone 
stretching  over  the  Polar  area,  which  in  its  turn  necessarily  implies 
the  existence  of  upper  currents  from  the  Northward,  blowing  towards 
and  in  upon  the  Polar  regions  to  make  good  the  drain  caused  by  the 
surface  outblowing  South-easterly  winds.    Tlie  frequency  and  ioicft  ol 
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Tabli  IV. 


Date. 


March  8 

H    16 
,.    26 


Solar  thermometer. 


880 
92-0 
88*8 
92-2 
104-2 


Temperature  in 


«F. 
24*0 
22-4 
20*9 
24*5 

80 


Relative  humidity  between  40  and  50  per  cent 

these  gales,  and  the  persistency  with  which  they  blew — always  from 
the  same  direction,  East-south-east — the  invariably  high  rise  in  the 
temperature,  and  the  sudden  fall  and  rise  of  the  barometer,  the  dry* 
ness  of  the  winds — ^the  relative  humidity  generally  between  40  and 
50  per  cent. — and  the  motion  of  the  upper  clouds  from  the  North- 
west, point  to  the  fact  that  the  South  Pole  is  covered  by  what  may  be 
regarded  practically  as  a  great  permanent  anti-cyclone,  more  exten- 
sive in  the  winter  months  than  in  the  summer.  Nothing  more 
appalling  than  these  frightful  winds,  accompanied  by  tons  of  drift- 
snow  from  the  mountains  above,  can  be  imagined.  On  ninety-two 
days,  or  26  per  cent,  of  the  time  spent  at  Cape  Adare,  the  wind  blew 
from  the  East-south-east  and  South-east  with  a  velocity  above  40 
miles  an  hour,  and  on  one  or  two  occasions  above  90  miles  an  hour, 
at  which  stage  our  Eobinson  anemometers  were  demolished.  A 
proper  table  of  wind  directions,  velocities,  and  thermal  wind-roses  is 
not  available,  but  the  following  tables  will  suflfice  to  convey  some 
idea  of  the  conditions. 


Taule  V. — NcMBKB  or  Datb  is  each  Month  whbh  Velocitt  of  the  Wikd 

WAS  ABOYE  40  Miles  an  Houb. 

Month.  Number  of  Dajt. 

1899.    Febmarj       .. H 

March 11 

April      8 

May        7 

June       7 

July       12 

Augost 6 

September     6 

October 7 

November     5 

December       9 

19Q0.   January         9 
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Table  YI.— Cohditioks  dubivg  a  Storm 

ov  April  2,  1899. 

ThDiL 

Barometer 
(corrected). 

Temperature 
ufalr. 

DliectioD  of  Wind. 

Velocity  of 
wind. 

Aprill— 

9  p.m. 

April  2— 

9Ajn. 

IIajd.          

1  pjn. 

Spiffi 

5  pjn 

7pLffi 

9p.m. 

Aprils— 

9ajn. 

tncbM. 
29-599 

29-199 
29-064 
28-919 
28-916 
28-880 
28-880 
28-917 

29-208 

•F. 
12-2 

17-0 
22-6 
240 
26-9 
24-3 
25-3 
27-9 

19-5 

W. 

Whirlwindfl. 

B.S.B. 
IS.S.B. 
E.S.E. 
B.S.B. 
B.S.B. 

8. 

MUm  per  Honr. 
5-7 

•  • 

82 
83 
102? 
88 
90 
82-5 

40-6 

The  maximum  temperature  during  the  gale  was  31*5°  F. 
During  a  gale  on  March  19  a  Robinson  anemometer  was  demolished, 
the  velocity  of  the  wind  exceeding  90  miles  an  hour ;  and  another 
was  destroyed  on  the  night  of  May  18,  when  it  was  impossible  to 
estimate  the  velocity  of  the  wind.  The  anemometers  used  were  tested 
at  the  Kew  Observatory  prior  to  the  departure  of  the  expedition  from 
England,  and  were  found  to  give  results  within  97  per  cent,  of  the 
Kew  instruments.  It  is  evident,  however,  that  the  action  of  wear 
and  tear  on  the  instrument  by  these  gales  must  have  a  very  material 
influence  on  its  indications. 

The  barograph  and  thermograph  curves  during  a  storm  from  the 
East-south-east  on  May  14,  1899,  show  very  clearly  that  the  tem- 
perature commences  to  rise  before  the  barometer  commences  to  fall ; 
mdeed,  it  was  often  possible  to  predict  an  approaching  gale  by  the 
thermometer  alone,  long  before  the  barometer  showed  any  sign  of  the 
disturbance. 

The  mean  barometric  pressure  for  the  winter  months  is  much 
lower  than  the  mean  for  the  summer,  but  the  means  have  not  yet 
been  determined.  The  highest  barometric  pressure  occurred  on 
July  22,  1899,  when  the  barometer  registered  30  *  182  inches,  and  the 
lowest^  27 '  860  inches,  on  September  9,  1899. 

On  the  journey  from  Gape  Adare  southwards,  some  remarkably 
bw  temperatures  were  observed  for  the  time  of  the  year.  Thus, 
off  Mount  Erebus  on  February  11,  1900,  the  temperature  sank  to 
—  6^  F.  with  a  wind  from  the  South  straight  off  the  great  ice  barrier. 
Again,  on  February  19,  the  minimum  temperature  was  —  12**  ¥. 
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(—  24° '4  C),  with  clear  sky  and  light  wind  from  the  South.  It  is 
possible  to  form  an  idea  from  these  temperatures  what  one  would  be 
likely  to  encounter  in  the  way  of  cold  on  a  sledge  journey  Southwards 
from  the  edge  of  the  great  ice  barrier  in  the  middle  of  the  Antarctic 
summer. 

APPENDIX  L 

By  letter  dated  March  5,  1901,  Mr.  Bemacchi  encloses  the  subjoined 
additional  Tables : — 

AuBORJi  Obsebyed  at  Cape  Adarb. 

Month.                                                            Number  of  Days. 
1899.    March 4 

AprU       6 

Muy 12 

June        12 

July        18 

August 15 

September      5 

October 1 

Total     ..      ..     73 


APPENDIX   II. 
Hotjfia  OF  Bbight  ScirsHiifE  Becorded  by  the  CAMrBELL-SroKES  Insiulmbnt. 

Ifoijth.  Ilonre. 

1899.  March     M 

April       25 

May        8 

J'ln®       nil)  sun  below 

July        nil  i  horiiou. 

Au(pi8t 27 

September      57 

October 185 

November       216 

Deoemlier       95 

1900.  January 36 

Total     ..      ..708 
Time  from  6  a.m.  to  9  p.m. 

Louis  Bebnacchi. 
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WAVE    OBSERVING. 
By  Commander  Wilson-Barker,  E.N.R.,  F.R.S.E. 

A  FEW  rules  on  the  observation  of  waves,  their  height,  speed  and 
movement,  may  not  be  out  of  place  in  this  volume.  The  subject  is 
deeply  interesting,  and  much  correct  and  valuable  information  may  be 
easily  obtained  by  those  who  will  take  the  trouble  to  be  accurate  in 
their  method  of  working.  The  length  of  a  wave  is  its  measurement 
from  hollow  to  hollow,  or  from  crest  to  crest ;  its  height  is  the 
vertical  distance  from  crest  to  hollow ;  a  wave's  period  is  the  number 
of  seconds  it  takes  to  travel  a  distance  equal  to  its  length ;  and  its 
velocity  is  the  speed  of  advance  of  the  wave  crest  (counted  in  feet) 
per  second.      To  ensure  correct  reckoning,  two  observers  should 

operate  : 

A,  to  watch  the  waves  ; 

B,  to  write  down  the  time. 

Thus,  A  takes  his  place  in  that  part  of  the  ship  most  convenient 
for  his  purpose,  presumably  on  the  bridge ;  he  fixes  on  a  particular 
point  for  observation  and  sets  to  work.  He  first  notes  the  direction 
and  speed  of  the  ship,  the  direction*  and  force  of  the  wind,  and 
the  direction  of  the  sea.  He  then  tells  B  to  look  out,  and  each 
time  a  wave  reaches  his  point  of  observation,  sings  out,  "Stop!" 
B  promptly  writes  down  the  time. 

The  speed  of  a  wave  is  ascertained  by  noting  the  time  it  takes  to 
travel  the  length  of  the  ship.  To  find  the  height  of  a  wave  above 
water  line,  the  observer  should  mount  the  rigging,  or  other  con- 
venient spot,  untU  high  enough  to  see  the  horizon  over  the  top  of  the 
crest.  Thus,  if  he  mount  ten  feet  above  the  deck  (which  is  ten  feet 
above  water  line),  and  can  then  see  a  wave  crest  level  with  the 
horizon,  the  height  of  that  wave  is  twenty  feet.  This  observation 
must  be  taken  at  a  moment  when  the  ship  is  on  an  even  keel  (upright). 

Three  or  four  different  sets  of  about  thirty  observations  each 

*  Beit  found  by  obeerriDg  the  curl  on  the  wayea. 
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should  be  taken  at  one  time,  as  waves  appear  to  run  in  series.  The 
more  numerous  the  observations,  the  more  accurate  the  mean  result 
is  likely  to  be.  A  little  practice  will  make  wave  timing  easy,  except 
in  a  cross  or  confused  sea,  which  complicates  matters.  If  it  be 
desirable  to  note  the  rolling  of  the  ship  simultaneously  with  the 
timing  of  the  waves,  a  third  observer  will  be  required  for  that  pur- 
pose, but  such  a  set  of  observations  may  very  well  be  taken  before 
or  after  the  others. 

In  all  cases  the  results  obtained  can,  of  course,  only  be  regarded 
as  approximate,  but  when  sufficient  care  has  been  taken  they  are 
quite  near  enough  for  all  practical  purposes. 
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THE  AURORA. 

By  Professor  Arthur  Schuster,  F.E.S. 

For  an  account  of  the  general  appearance  of  the  aurora  we  cannot  do 
better  than  transcribe  Lieutenant  Weyprecht's  description  (Payer's 
'New  Lands  within  the  Arctic  Circle'),  as  quoted  in  Mr.  Band 
Capron's  book  on  the  Aurora. 

"  There  in  the  south,  low  on  the  horizon,  stands  a  faint  arch  of 
light.  It  looks  as  it  were  the  upper  limit  of  a  dark  segment  of  a 
circle ;  but  the  stars,  which  shine  through  it  in  undiminished  bril- 
liancy, convince  us  that  the  darkness  of  the  segment  is  a  delusion 
produced  by  contrast  Gradually  the  arch  of  light  grows  in  intensity 
and  rises  to  the  zenith.  It  is  perfectly  regular ;  its  two  ends  almost 
touch  the  horizon,  and  advance  to  the  east  and  west  in  proportion  as 
the  arch  rises.  No  beams  are  to  be  discovered  in  it,  but  the  whole 
consists  of  an  almost  uniform  light  of  a  delicious  tender  colour.  It 
is  transparent  white  with  a  shade  of  light  green,  not  unlike  the  pale 
green  of  a  young  plant  which  germinates  in  the  dark.  The  light  of 
the  moon  appears  yellow  contrasted  with  this  tender  colour,  so  pleas- 
ing to  the  eye  and  so  indescribable  in  words,  a  colour  which  nature 
appears  to  have  given  only  to  the  Polar  Begions  by  way  of  compensa- 
tion. The  arch  is  broad,  thrice  the  breadth,  perhaps,  of  the  rainbow, 
and  its  distinctly  marked  edges  are  strongly  defined  on  the  profound 
darkness  of  the  Arctic  heavens.  The  stars  shine  through  it  with 
undiminished  brilliancy.  The  arch  mounts  higher  and  higher.  An 
air  of  repose  seems  spread  over  the  whole  phenomenon ;  here  and 
there  only  a  wave  of  light  rolls  slowly  from  one  side  to  the  other.  It 
begins  to  grow  clear  over  the  ice ;  some  of  its  groups  are  discernible. 
He  arch  is  still  distant  from  the  zenith,  a  second  detaches  itself  from 
the  dark  s^ment,  and  this  is  gradually  succeeded  by  others.  All 
now  rise  towards  the  zenith ;  the  first  passes  beyond  it,  then  sinks 
slowly  towards  the  Northern  horizon,  and  as  it  sinks  loses  its  inten- 
sity.   Arches  of  light  are  now  stretched  over  the  whole  liea\e£iv^\ 
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seven  are  apparent  at  the  same  time  on  the  sky,  thongh  of  inferior 
intensity.  The  lower  they  sink  towards  the  North  the  paler  they 
grow,  till  at  last  they  utterly  fade  away.  Often  they  all  return 
over  the  zenith,  and  become  extinct  just  as  they  cama 

"It  is  seldom,  however,  that  an  Aurora  runs  a  course  so  calm  and 
so  regular.  The  typical  dark  segment,  which  we  see  in  treatises  on 
the  subject,  in  most  cases  does  not  exist.  A  thin  bank  of  clouds  lies 
on  the  horizon.  The  upper  edge  is  illuminated ;  out  of  it  is  developed 
a  band  of  light,  which  expands,  inci*eases  in  intensity  of  colour,  and 
rises  to  the  zenith.  The  colour  is  the  same  as  in  the  arch,  but  the 
intensity  of  the  colour  is  stronger.  The  colours  of  the  band  change 
in  a  never-ceasing  play,  but  place  and  form  remain  unaltered.  The 
band  is  broad,  and  its  intense  pale  green  stands  out  with  wonderful 
beauty  on  the  dark  background.  Now  the  band  is  twisted  into  many 
convolutions,  but  the  innermost  folds  are  still  to  be  seen  distinctly 
through  the  others.  Waves  of  light  continually  undulate  rapidly 
through  its  whole  extent,  sometimes  from  right  to  left,  sometimes 
from  left  to  right.  Then,  again,  it  rolls  itself  up  in  graceful  folds. 
It  seems  almost  as  if  breezes  high  in  the  air  played  and  sported  with 
the  broad  flaming  streamers,  the  ends  of  which  are  lost  far  off  on  the 
horizon.  The  light  grows  in  intensity,  the  waves  of  light  follow  each 
other  more  rapidly,  prismatic  colours  appear  on  the  upper  and  lower 
edge  of  the  band,  the  brilliant  white  of  the  centre  is  enclosed  between 
narrow  stripes  of  red  and  green.  Out  of  one  band  have  now  grown 
two.  The  upper  continually  approaches  the  zenith,  rays  begin  to 
shoot  forth  from  it  towards  a  point  near  the  zenith  to  which  the 
South  Pole  of  the  magnetic  needle,  freely  suspended,  points. 

"  The  band  has  nearly  reached  it,  and  now  begins  a  brilliant  play  of 
rays  lasting  for  a  short  time,  the  central  point  of  which  is  the  magnetic 
Pole — a  sign  of  the  intimate  connection  of  the  whole  phenomenon 
with  the  magnetic  forces  of  the  earth.  Round  the  magnetic  Pole 
short  rays  flash  and  flare  on  all  sides,  prismatic  colours  are  discernible 
on  all  their  edges,  longer  and  shorter  rays  alternate  with  each  other, 
waves  of  light  roll  round  it  as  a  centre.  What  we  see  is  the  auroral 
corona,  and  it  is  almost  always  seen  when  a  band  passes  over  the 
magnetic  pole.  This  peculiar  phenomenon  lasts  but  a  short  time. 
The  band  now  lies  on  the  Northern  side  of  the  firmament ;  gradually 
it  sinks,  and  pales  as  it  sinks;  it  returns  again  to  the  South  to  change 
and  play  as  before.  So  it  goes  on  for  hours :  the  aurora  incessantly 
changes  place,  form  and  intensity.  It  often  entirely  disappears  for 
a  short  time,  only  to  api}ear  again  suddenly,  without  the  t)bserver? 
clearly  perceiving  how  it  came  and  where  it  went ;  simply,  it  is  there* 
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"But  the  band  is  often  seen  in  a  perfectly  different  form.  Fre- 
quently it  consists  of  single  rays,  which,  standing  close  together, 
point  in  an  almost  parallel  direction  towards  the  magnetic  pola 
These  become  more  intensely  bright  with  each  successive  wave  of 
light;  hence  each  ray  appears  to  flash  and  dart  continually,  and 
their  green  and  red  edges  dance  up  and  down  as  the  waves  of  light 
run  through  them.  Often,  again,  the  rays  extend  through  the  whole 
length  of  the  band,  and  reach  almost  up  to  the  magnetic  Pole.  These 
are  sharply  marked,  but  lighter  in  colour  than  the  band  itself,  and  in 
this  particular  form  they  are  at  some  distance  from  each  other.  Their 
colour  is  yellow,  and  it  seems  as  if  thousands  of  slender  threads  of 
ffAd  were  stretched  across  the  firmament.  A  glorious  veil  of  trans- 
parent light  is  spread  over  the  starry  heavens ;  the  threads  of  light 
with  which  this  veil  is  woven  are  distinctly  marked  on  the  dark 
background ;  its  lower  border  is  a  broad  intensely  white  band,  edged 
with  green  and  red,  which  twists  and  turns  in  constant  motion.  A 
violet-coloured  auroral  vapour  is  often  seen  simultaneously  on  diffe- 
rent parts  of  the  sky. 

"  Or,  again,  there  has  been  tempestuous  weather,  and  it  is  now,  let 
us  suppose,  passing  away.  Below,  on  the  ice,  the  wind  has  fallen ; 
but  the  clouds  are  still  driving  rapidly  across  the  sky,  so  that  in  the 
upper  regions  its  force  is  not  yet  laid.  Over  the  ice  it  becomes  some- 
what clear ;  behind  the  clouds  appears  an  Aurora  amid  the  darkness 
of  the  night.  Stars  twinkle  here  and  there;  through  the  opening  of 
the  clonds  we  see  the  dark  firmament,  and  the  rays  of  the  aurora 
chasing  one  another  towards  the  zenith.  The  heavy  clouds  disperse, 
mist-like  masses  drive  on  before  the  wind.  Fragments  of  the  Northern 
lights  are  strewn  on  every  side :  it  seems  as  if  the  storm  had  torn  the 
aurora  bands  to  tatters,  and  was  driving  them  hither  and  thither 
across  the  sky.  These  threads  change  form  and  place  with  incredible 
rapidity.  Here  is  one!  lo,  it  is  gone!  Scarcely  has  it  vanished 
before  it  appears  again  in  another  place.  Through  these  fragments 
drive  the  waves  of  light :  one  moment  they  are  scarcely  visible,  in 
the  next  they  shine  with  intense  brilliancy.  But  their  light  is  no 
longer  that  glorious  pale  green;  it  is  a  dull  yellow.  It  is  often 
difficult  to  distinguish  what  is  aurora  and  what  is  vapour ;  the  Ulu- 
minated  mists  as  they  fly  past  are  scarcely  distinguishable  from  the 
auroral  vapour  which  comes  and  goes  on  every  side. 

*'Bat^  again,  another  form.  Bands  of  every  possible  form*  and 
intensity  have- been  driving  over  tb6  heavens.  It  is  now  eight  o^clock 
at  nighty  the  honr  of  the  greatest  intensity  of  the  Northern  Lights. 
J^or  a  moment  dome  bundles  of  rays  only  are  to  be  seen  in  iVi^  «iW7« 
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In  the  South  a  faint,  scarcely  visible  band  lies  close  to  the  horizon, 
AH  at  once  it  rises  rapidly,  and  spreads  east  and  west.  The  wares 
of  light  begin  to  dart  and  shoot :  some  rays  mount  towards  the  zenith. 
For  a  short  time  it  remains  stationary,  then  suddenly  springs  to  life. 
The  waves  of  light  drive  violently  from  east  to  west,  the  edges  assume 
a  deep  red  and  green  colour,  and  dance  up  and  down.  The  rays  shoot 
up  more  rapidly,  they  become  shorter ;  all  rise  together  and  approach 
nearer  and  nearer  to  the  magnetic  Pol&  It  looks  as  if  there  were  a 
race  among  the  rays,  and  that  each  aspired  to  reach  the  Pole  first 
And  now  the  point  is  reached,  and  they  shoot  out  on  every  side,  to  the 
North  and  the  South,  to  the  East  and  the  West.  Do  the  rays  shoot 
from  above  downwards,  or  from  below  upwards  ?  Who  can  distin- 
guish ?  From  the  centre  issues  a  sea  of  dames:  is  that  sea  red,  white 
or  green?  Who  can  say?  It  is  all  three  colours  at  the  same  moment! 
The  rays  reach  almost  t^  the  horizon :  the  whole  sky  is  in  flames. 
Nature  displays  before  us  such  an  exhibition  of  fireworks  as  trans- 
cends the  powers  of  imagination  to  conceive.  Involuntarily  we  listen : 
such  a  spectacle  must,  we  think,  be  accompanied  with  sound.  But 
unbroken  stillness  prevaUs ;  not  the  least  sound  strikes  on  the  ear. 
Once  more  it  becomes  clear  over  the  ice,  and  the  whole  phenomenon 
has  disappeared  with  the  same  inconceivable  rapidity  with  which  it 
came,  and  gloomy  night  has  again  stretched  her  dark  veil  over  every- 
thing. This  was  the  aurora  of  the  coming  storm — the  aurora  in  it« 
fullest  splendour.  No  pencil  can  draw  it,  no  colours  can  paint  it, 
and  no  words  can  describe  it  in  all  its  magnificence." 

The  chief  features  of  scientific  importance  at  the  present  moment 
may  be  classified  as  follows : — 

1.  The  arch.  Is  the  vertex  of  the  arch  always  in  the  magnetic 
meridian,  and  to  what  extent  may  it  deviate  from  it  ?  Is  the  form 
of  the  arch  always  consistent  with  the  theory  that  it  is  a  horizontal 
ring  suspended  in  the  atmosphere  and  seen  in  perspective  1 

2.  What  is  the  relation  of  the  aurora  to  clond  formations  ?  Ii 
there  especially  independent  evidence  of  the  presence  of  the  crystali 
in  the  atmosphere  during  the  manifestations  of  the  aurora  ?  Do  the 
movements  of  auroral  streamers  show  any  evidence  of  being  affected 
by  "  wind  "  ? 

3.  Does  the  frequency  of  the  aurora  show  any  periodicity  depend- 
ing on  the  phases  of  the  moon  ? 

4.  The  spectrum  of  the  aurora. 

As  regards  the  position  and  shape  of  the  arch,  the  observer  should 
try,  whenever  a  well-defined  arch  appears,  to  fix  carefully  the  pou- 
tion  of  the  vertex  with  reference  to  the  magnetic  meridian.    Tb< 
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iltitade  of  the  vertex  will  be  more  difficult  to  determine,  owing  to 
its  variability,  but,  when  possible,  the  altitude  and  the  azimuth  of 
the  points  where  the  arch  rests  on  the  horizon  should  be  simul- 
taneously observed.  If  the  observations  are  always  made  from  the 
same  spot  it  may  be  possible  to  place  landmarks  so  that  azimuth 
and  altitude  may  be  quickly  determined.  The  important  questions 
as  to  the  relation  of  the  aurora  to  cloud  formations,  and  of  their 
periodicity,  can  only  be  satisfactorily  dealt  with  if  a  careful  record  is 
kept  of  every  appearance  of  the  aurora. 

The  observers  cannot  do  better  than  to  follow  the  guidance  of  the 
system  of  observation  adopted  by  the  Austrian  Expedition  during 
the  international  polar  observations  carried  out  at  Jan  Mayen,  and 
published  by  the  Austrian  Academy  of  Science.  The  appearance  of 
the  aurora,  following  Weyprecht's  guidance,  is  there  divided  into 
eig^t  features. 

1.  The  Arch. — The  inside  of  the  arch  is  often  described  as  being 
very  dark,  and  stars  are  observed  in  it   Such  cases  should  be  recorded. 

2.  Bands, — These  make  the  impression  of  being  portions  of  arches, 
changed  in  form  and  direction,  and  often  moving  about  irregularly. 

3.  Filaments  and  Streamers, — The  expression  filaments  may  be 
taken  as  the  equivalent  of  the  German  "  Faden,"  while  the  German 
word  Strahlen  is  applied  by  the  Austrian  Expedition  to  what  we 
should  call  "  streamers."  Filaments  and  streamers  differ  chiefly  by 
their  width,  which  is  narrow  and  uniform  in  the  case  of  filaments, 
while  streamers  are  wide  and  tapering  at  one  end.  The  direction 
and  motion  of  these  streamers  is  of  importance.  When  they  are 
parallel  and  nearly  vertical  they  give  the  idea  of  "draperies"  or 
^curtains,"  and  the  appearance  is  sometimes  described  in  this  way. 

4.  The  Corona, — This  appears  always  near  the  zenith,  and  is  a  very 
characteristic  phenomenon.  A  circular  band  is  formed  round  the 
zenith,  either  by  the  apparent  contraction  of  an  arch  or  by  sym- 
metrical arrangements  of  bands,  filaments  or  flames.  Streamers 
<^  filaments  shoot  out  from  the  corona  towards  the  horizon. 

5.  Auroral  Nebulosities, — These  are  indistinct  nebulous  masses, 
floating  about  without  distinct  outline. 

6.  Auroral  Segments. — This  is  described  by  Weyprecht  as  "an 
apparently  dark  segment  of  a  circle,  which  is  bordered  by  a  low- 
lying,  not  varying,  luminous  arch,  and  is  situated  in  the  magnetic 
North  and  South.    These  segments  have  not  been  seen  at  Jan  Mayen. 

7.  Auroral  Glow. — A  luminous  appearance,  high  up  in  the  sky, 
the  filaments  diverging  towards  the  zenith. 

8.  Fans  and  Flames. — These  are  luminous  appearances  to  "V^VacXi 
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various  names  have  been  given,  according  to  the  objects  which  their 
forms  simulate.  They  appear  to  be  collections  of  streamers  arranged 
so  as  to  give  the  appearance,  sometimes  of  a  feather,  or  of  a  fan,  or  of 
an  irregular  bundle  of  filaments. 

The  various  periodicities  of  the  aurora,  some  well  ascertained  but 
others  still  very  doubtful,  form  a  very  interesting  field  of  enquiry. 
The  diflSculty  of  the  investigation  lies  in  the  separation  of  true  perio- 
dicity from  a  periodic  variation  of  visibility.  The  aurora,  for  instance, 
cannot  be  observed  in  full  daylight :  hence,  if  records  of  the  presence 
or  absence  of  the  aurora  are  examined,  it  is  clear  that  at  first  sight  a 
diurnal  variation  would  present  itself,  and  the  aurora  would  seem  to 
occur  more  frequently  when  the  sun  is  below  the  horizon  than  when 
it  is  above.  On  second  thoughts  the  observer  might  be  inclined  to 
reject  this  periodicity  and  put  it  down  altogether  to  the  difference  in 
visibility.  A  closer  examination,  however,  will  again  bring  him  back 
to  the  first  view,  viz.  that  he  is  dealing  with  a  real  phenomenon, 
because  there  is,  even  in  the  hours  of  the  night,  a  clear  difference 
between  the  evening  and  morning  hours,  the  aurora  appearing  much 
more  frequently  before  and  near  midnight  than  near  sunrise.  Also, 
in  the  long  winter  night  of  the  arctic  region,  where  differences  of 
visibility  are  to  a  great  extent  excluded,  the  diurnal  periodicity  shows 
itself  distinctly. 

The  annual  variation  is  more  difficult  to  investigate,  as  observa- 
tions in  the  summer  months  are  excluded,  and  even  two  months 
like  December  and  March  have  such  a  great  difference  in  the  dura- 
tion of  darkness  that  a  comparison  becomes  very  difficult  The 
only  way  to  prove  the  annual  variation  would  be  to  compare  the 
number  of  aiirone  seen  in  different  months  during  the  same  hour. 

A  periodicity  depending  on  the  phases  of  the  moon  has  been 
made  probable,  but  cannot  be  said  to  be  proved.  Observers  should 
pay  special  attention  to  this  matter,  and  carefully  note  how  far  the 
difference  in  the  visibility  of  the  aurora  daring  full  and  new  moon 
may  affect  their  results. 

To  arrive  at  a  satisfactory  conclusion  in  these  matters  it  is  not 
only  necessary  to  note  down  carefully  the  presence  of  an  aurora, 
with,  as  nearly  as  possible,  its  time  of  appearance  and  disappearance, 
but  also  to  give,  for  each  time  of  observation  at  which  no  aurora 
appears,  information  as  to  whether  the  observer  is  satisfied  that  the 
aurora  was  really  absent,  or  whether,  in  his  judgment,  it  might  have 
been  present,  but  hidden  by  clouds  or  rendered  invisible  by  the 
strong  light  of  full  moon.   . 

The  spectrum  of  the  aurora  presents  some  interestlDg  problems. 
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whicli,  however,  no  observer  can  usefully  attack  without  previous 
experience  in  spectroscopic  matters.  An  observer  who  has  had  such 
experience  will  probably  know  what  to  do,  but  attention  may  be 
drawn  to  the  extreme  importance  of  obtaining  photographic  records 
of  the  spectrum  of  the  aurora,  especially  if  a  satisfactory  reference 
spectrum  can  be  added  to  the  plate.  Possibly  the  solar  spectrum 
(obtained  from  the  sky  or  moon)  may  be  sufficient,  but  in  case  a  small 
induction  coil  is  available  a  selection  of  Gleissler  tubes  would  prove 
useful 

The  best  summary  of  existing  observations  connected  with 
aurorse  and  their  connection  with  other  phenomena  is  contained  in 
relation  to  '  Lea  Aurores  Polaires,'  by  A.  Argot  (Felix  Alcan,  Paris). 
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VIII. 

ATMOSPHERIC  ELECTRICITY: 

INSTRUCTIONS  FOR   THE   OBSERVATION  OF  ATMOSPBERl 
ELECTRICITY. 

Bv  Lord  Kelvin,  G.C.V.O.  D.C.L.  LL.D.  F.RS. 

The  instrument  to  bo  used  is  the  portable  electrometer  describe 
in  Sir  Wm.  Thomson's  reprint  of  '  Papers  on  Electrostatics  an 
Magnetism,'  Sections  368-378.  •  Full  directions  for  keeping  tb 
instrument  in  order,  preparing  it  for  use,  and  using  it  to  make  observf 
tions  of  atmospheric  electricity,  are  to  be  found  in  Sections  372-376 
these  are  summarised  in  the  following  short  practical  rules : 

I.  The  instrument  having  been  received  from  the  maker  wit 
the  inner  surface  of  the  glass,  and  all  the  metallic  surfaces  witbi 
clean  and  free  from  dust  or  fibres,  and  the  pumice  dry ;  to  prepai 
it  for  use : 

(1)  Remove  from  the  top  the  cover  carrying  the  pnmice.  Dro 
upon  the  pumice  a  small  quantity  of  the  prepared  sulphuric  aci 
supplied  with  the  inntrument,  distributing  it  as  well  as  may  be  ovc 
the  whole  surface  of  the  stone.  There  ought  not  to  be  so  much  aci 
as  to  show  almost  any  visible  appearance  of  moisture  when  once  : 
has  soaked  into  the  pumice.  Keplace  the  cover  without  delay,  an 
screw  it  iirmly  in  its  proper  position,  and  then  leave  the  instrumet 
for  half  an  hour  or  an  hour,  or  any  longer  time  that  may  be  coi 
venient,  to  allow  the  inner  surface  of  the  glass  to  be  well  dried  throng 
the  drj'ing  effect  of  the  acidulated  pumice  on  the  air  within. 

(2)  Turn  the  micrometer  screw  till  the  reading  is  2000,  (Thei 
are  100  divisions  on  the  circle  which  turns  with  the  screw  on  the  tc 
outside,  and  the  numbers  on  tlie  vertical  scale  inside  show  full  tun 
of  the  screw.  Thus  each  division  on  the  vertical  scale  inside  com 
spends  to  100  divisions  on  the  circle ;  and  20  on  the  vertical  scale  : 
read  "2000.")      Introduce  the  charging  rod  and  give  a  charge  ( 

*  A  copy  or  tliia  book  linB  been  sent  b_v  Ihe  Autlmt  foi  th*  on  of  tbe  offlMr  i 
olBcera  to  •rb'iia  llie  obwriutioiu  of  atminpherir  elsctririt;  an  committed. 
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negative  electricity  by  means  of  the  small  electrophorus  which  accom- 
panies the  instrument  When  enough  has  been  given  to  bring  the 
hair  a  little  below  the  middle  of  the  space  between  the  black  dots, 
give  no  more  charge ;  but  remove  the  charging  rod  and  close  the 
aperture  immediately.  If  now  the  hair  is  still  seen  a  little  below 
the  middle  of  the  space  between  the  black  dots,  turn  the  screw  head 
in  such  a  direction  as  to  raise  the  attracting  disc,  and  so  diminish  the 
attraction  till  the  hair  is  exactly  midway  between  the  dots.  Watch 
the  instrument  for  a  few  minutes,  and  if  *  the  hair  is  seen  to  rise,  as  it 
generally  will  (because  of  the  electricity,  which  has  been  given, 
spreading  over  the  inner  surface  of  the  glass),  turn  the  micrometer 
screw  in  the  direction  to  lower  the  attracting  plate,  so  as  to  keep  the 
hair  midway  between  the  dots. 

(3)  The  insulation  will  generally  improve  for  several  hours,  and 
fwmetimes  for  several  days,  after  the  instrument  is  first  charged.  The 
instrument  may  be  considered  to  be  in  a  satisfactory  state  if  the  earth 
reading  does  not  diminish  by  more  than  30  divisions  per  24  hours. 
If  the  maker  has  been  fortunate  with  respect  to  the  quality  of  the 
substance  of  the  glass  jar,  the  earth  reading  may  not  sink  by  more 
than  30  divisions  per  week,  when  the  pumice  is  sufficiently  moistened 
with  strong  and  pure  sulphuric  acid.  Recharge  with  negative  elec- 
tricity occasionally  so  as  to  keep  the  earth  reading  between  1000 
and  2000. 

II.  To  keep  the  instrument  in  order.  Watch  the  pumice  care- 
fully, looking  at  it  every  day.  If  it  begins  to  look  moist,  remove  the 
cover,  take  out  the  screws  holding  the  lead  cup,  remove  the  pumice  and 
dry  it  on  a  shovel  over  a  fire.  When  cool,  put  prepared  sulphuric  acid 
on  it,  replace  it  in  the  instrument,  and  re-electrify  according  to  No.  I. 

Never  leave  the  pumice  unwatchedj  in  the  instruvtent,  for  as  long  as 
a  week.    When  the  instrument  is  to  be  out  of  use  for  a  week 

OR  LONGER,   TAKE  THE  PUMICE  OUT  OF  IT. 

III.  To  use  the  portable  electrometer  for  observing  atmospheric 
electricity : 

(1)  The  place  of  observation,  if  on  board  ship,  must  be  as  far 
removed  from  spars  and  rigging  as  possible.  In  a  sailing  ship  or 
rigged  steamer  the  best  position  for  the  electrometer  generally  is  over 
the  weather  quarter  when  under  way,  or  anywhere  a  few  feet  above 
the  tafTerel  when  at  anchor.  On  shore  or  on  the  ice  a  position  not 
less  than  20  yards  from  any  prominent  object  (such  as  a  hut  or  a 
rock  or  mass  of  ice  or  ship),  standing  up  to  any  considerable  height 
above  the  general  level,  should  be  chosen.  Whether  on  board  ship 
or  in  an  open  boat  or  on  shore  or  on  the  ice,  the  electrometer  ixva.7  \>^ 
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held  by  the  observer  in  his  left  hand  while  he  is  making  an  observa- 
tion ;  but  a  fixed  stand,  when  conveniently  to  be  had,  is  to  be  pre- 
ferred, unless  in  the  case  of  making  observations  from  an  open  boat. 

(2)  To  make  an  observ^ation  in  ordinary  circumstances  the  observer 
stands  upright  and  holds  or  places  the  electrometer  in  a  position 
about  five  feet  above  the  ground  (or  place  on  which  he  stands),  so  as 
to  bring  the  hair  and  two  black  dots  about  level  with  his  eye.  The 
umbrella  of  the  principal  electrode  being  dov>n  to  begin  with  (and  so 
keeping  metallic  connection  between  the  principal  electrode  and  the 
metallic  case  of  the  instrument),  the  observer  commences  by  taking 
an  "  earth  reading."  *  The  steel  wire,  with  a  match  stuck  on  its 
point,  being  in  position  on  the  principal  electrode,  the  match  is  then 
lighted,  the  umbrella  lifted,  and  the  micrometer  screw  turned  so  as 
to  keap  the  hair  in  the  middle  between  the  black  dots.  After  the 
umbrella  has  been  up  and  the  match  lighted  for  20  seconds  or  half 
a  minute,  a  reading  may  be  taken  and  recorded,  called  an  "air 
reading."  A  single  such  reading  constitutes  a  valuable  observation. 
But  a  series  of  readings  taken  at  intervals  of  a  quarter  of  a  minute, 
or  half  a  minute,  or  at  moments  of  maximum  or  minimum  electrifi- 
cation during  the  course  of  two  or  three  minutes,  the  match  burning 
all  the  time,  is  preferable.  In  conclusion,  remove  the  match  if  it  is 
not  all  burned  away,  lower  the  umbrella  home,  and  take  an  earth 
reading. 

(3)  The  electric  potential  of  the  air  at  the  point  of  the  burning 
match  is  found  by  subtracting  the  earth  reading  from  the  air  reading 
at  any  instant  When  the  air  reading  is  less  than  the  earth  reading 
the  air  potential  is  negative,  and  is  to  be  recorded  as  the  difference 
between  the  earth  reading  and  the  air  reading,  with  the  sign  —  pre- 
fixed. The  earth  reading  may  be  generally  taken  as  the  mean 
between  the  initial  and  final  earth  readings.  But  the  actual  earth 
readings  and  air  readings  ought  all  to  be  recorded  carefully,  and  the 
full  record  kept. 

(4)  Note  and  record  the  wind  at  the  time  of  each  observation,  also 
the  character  of  the  weather. 

IV.  Observations  to  be  made : 

(1)  At  the  commencement  of  the  Expedition,  in  the  course  of  the 
Southward  voyage,  observations  of  atmospheric  electricity  ought  to  be 
taken  regularly  three  or  four  times  a  day ;  also  occasionally  during 
the  night,  to  give  the  observer  some  practice  in  the  use  of  a  lantern 
for  reading  the  divisions  on  the  circle  and  of  the  vertical  scale. 

(2)  When  stationary  in  winter  quarters,  observations  should  be 
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made  three  times  a  day  at  intervals  of  six  hours ;  for  example,  at 
8  a.m.,  2  p.m.,  and  8  p.m.,  or  at  7.30  a.m.,  1,30  p.m.,  and  7.30  p.m. 
Whatever  times  are  most  convenient  may  be  chosen,  provided  they 
be  separated  by  intervals  of  six  hours. 

(3)  It  is  very  desirable  that  hourly  observations  should  be  made, 
if  only  for  a  few  days,  in  winter  and  in  summer.  If  possible,  arrange- 
ments to  do  so,  at  least  for  six  consecutive  days  in  winter  and  for  six 
consecutive  days  in  summer,  should  be  made.  The  results  will  be 
very  interesting  as  showing  whether  there  is  a  diurnal  or  semi- 
diurnal period  in  either  the  Antarctic  winter  or  summer. 

(4)  Make  occasionally  special  observations  when  there  is  any- 
thing peculiar  in  the  weather,  especially  with  reference  to  wind. 

V.  Special  precautions  : 

(1)  In  the  Antarctic  climate  more  care  may  be  necessary  than  in 
ordinary  climates  as  to  eaith  connections.  Therefore  put  a  piece  of 
metal  on  the  stand  on  which  the  electrometer  is  placed  during  an 
observation  on  board  sliip,  and  keep  this  in  metallic  communication 
with  the  ship's  coppers.  If  the  electrometer  is  held  in  the  hand 
with  a  glove  on,  a  piece  of  the  fine  wire  supplied  with  the  instrument 
ought  to  be  tied  round  the  brass  projection  wliich  carries  the  lens,  or 
otherwise  attached  to  the  outer  case  of  the  electrometer,  and  by  this 
wire  sufificient  connection  maintained  with  the  earth  during  an  obser- 
vation. The  connection  ^vill  probably  be  sufficient  if  a  short  length 
of  the  wire  is  laid  on  the  ice  and  the  observer  stands  on  it.  Enough, 
however,  is  not  yet  known  as  to  electric  conductivity  of  ice :  and  to 
make  sure,  it  viay  be  necessary  to  have  a  wire  or  chain  let  down  to 
the  water  through  a  hole  in  the  ice,  and  metallic  connection  kept  up 
by  a  fine  wire  between  this  and  the  electrometer  case  during  an 
observation. 

(2)  The  observer's  cap  (particularly  if  of  fur)  and  his  woollen 
clothing,  and  even  his  hair  if  not  completely  covered  by  his  cap,  will 
be  apt  in  the  Antarctic  climate  to  become  electrified  by  the  slightest 
firiction,  and  so  to  give  false  results  when  the  object  to  be  observed  is 
atmospheric  electricity.  A  tin  foil  cover  for  cap  and  arms,  kept  in 
metallic  communication  by  a  fine  wire  with  the  hand  or  hands  applied 
to  the  case  of  the  electrometer  or  to  the  micrometer  screw  head,  should 
therefore  be  used  by  the  observer  (and  assistant,  if  he  has  an  assistant 
to  carry  lantern,  or  for  any  other  purpose),  unless  he  has  made  sure 
that  there  is  no  sensible  disturbance  from  those  causes,  without  the 
precaution.    Tin  foil  for  this  purpose  is  supplied  with  the  instrument. 

VI.  Instruments,  stores,  and  appliances  for  observation  of  atmo- 
spheric electricity  sent  with  the  Expedition : 
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(1)  Two  portable  electrometers,  each  with  one  steel  wire  for 
carrying  match,  one  charging  rod,  and  one  electrophorus  for  charging 
the  jar. 

(2)  Six  spare  steel  wires  for  carrying  the  match  (three  to  go  with 
each  instrument). 

(3)  Supply  of  matches  ready  made.  (The  slower  the  match  bums, 
the  better.  If  those  supplied  burn  too  fast,  steep  them  in  water  and 
dry  them  again.) 

(4)  White  blotting  paper  and  nitrate  of  lead  to  make  more  matches 
when  wanted.  (Moisten  the  paper  with  weak  solution  of  nitrate  of 
lead,  and  roll  into  matches  with  thin  paste  made  with  a  very  little 
nitrate  of  lead  in  the  water.) 

(5)  Six  spare  pumices  (three  for  each  electrometer) ;  indiarubber 
bands  to  secure  pumice  in  lead  case. 

(6)  Eight  small  stoppered  bottles  of  prepared  sulphuric  acid  (four 
for  each  electrometer). 

(7)  Tin  foil  and  fine  wire. 
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IX. 
CHEMICAL    AND    PHYSICAL    NOTES. 

By  J.  Y.  Buchanan,  F.RS. 

\_AU  righti  retrvtd  by  the  AuthorJ] 

It  is  unnecessary  to  frame  instructions  to  the  chemist  and  physicist 
with  r^ard  to  the  performance  of  routine  operations.  He  must  be  fully 
instructed  and  practised  in  these  matters  before  he  leaves.  Still  less 
is  it  necessary  to  frame  instructions  for  carrying  out  delicate  operations 
such  as  the  determination  of  the  amount  of  carbonic  acid,  and  of  the 
permanent  gases  present  in  the  sea-water,  because  these  operations  can 
only  be  carried  out,  in  the  way  that  would  justify  the  expenditure  of 
time,  by  an  expert  who  had  previously  provided  himself  with  all  the 
apparatus  and  appliances  which  are  necessary. 

But  there  is  another  class  of  observations  which  it  is  very 
desirable  to  make.  They  are  not  routine  observations ;  they  may 
rather  be  termed  observations  by  the  way.  Elaborate  provision  of 
instruments  is  not  necessary.  What  is  most  important  is  to  have  a 
definite  idea  of  the  kind  of  observations  that  are  wanted,  and  of  the 
way  to  make  them. 

The  following  notes  have  reference  to  this  class  of  work,  which  is 
perhaps  the  most  fascinating,  and  may  be  the  most  fruitful  that  can 
be  engaged  in.  They  are  for  a  large  part  reprinted  from  two  papers, 
one  of  which  *  was  originally  drawn  up  with  a  view  to  an  Antarctic 
Expedition,  and  was  read  at  the  Dover  Meeting  of  the  British 
Association  in  1899 ;  the  otherf  is  a  paper  which  was  read  before  the 
fioyal  Society  in  May  1894,  and  consists  of  the  daily  record  of  "  obser- 
vations by  the  way,"  such  as  it  is  most  important  that  we  should  have 
from  the  Antarctic  Land  and  Ice.  The  paper  is  reproduced  almost  in 
its  entirety,  because  its  principal  usefulness  consists  in  small  matters 
and  minute  details  which  would  be  eliminated  in  condensation. 

*  *0d  the  Pbysioal  and  Chemical  Work  of  an  Antarotic  Expedition/  by  J.  T. 
Buchanan,  F.B.S.     GeographictU  Journal,  November,  1899. 

t  *  On  Bapid  Variations  of  Atmospheric  Temperature,  especially  daring  Fohny  and 
the  methods  of  obserTing  them/  by  J.  Y.  Buchanan,  F.B.S.  Proe.  R.S.t  toI.  Ivi. 
p.  108. 
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Low  Oceanic  Temperatukes  :  Ice  at  Sea  and  on  Land,  &c.* 

One  of  the  striking  features  of  the  ocean  discovered  by  the 
Challenger  expedition,  was  the  extensive  area  of  very  cold  water 
which  occupies  the  bottom  of  the  sea  from  the  east  coast  of  South 
America  to  the  ridge  which  runs  north  and  south  in  the  meridian  of 
the  island  of  Ascension.  Here  the  bottom  temperature  was  found 
to  be  32® '5  Fahr.  The  existence  of  this  exceptionally  cold  bottom 
water  was  discovered  on  the  outward  voyage  in  soundings  near  the 
Brazilian  coast,  so  that  the  expedition  was  prepared  to  take  up  the 
study  of  it  on  the  way  home.  This  was  done  very  thoroughly  on  a 
line  from  the  mouth  of  the  river  Plate  along  the  parallel  of  35®  to 
the  meridian  of  Ascension.  The  depth  of  the  water  varied  from 
1900  to  2900  fathoms,  and  the  distribution  of  temperature  in  the 
water  was,  roughly,  a  warm  surface  layer  of  perhaps  100  to  200 
fathoms,  then  a  thick  layer  of  water  of  temperature  about  36®  Fahr. 
down  to  1600  fathoms  near  the  coast,  and  to  2200  fathoms  or  there- 
abouts at  sea.  Here  was  a  steep  temperature-gradient  falling  away 
rapidly  from  35°  to  33®  F^r.,  and  more  slowly  to  32®  •  5  Fahr.  The 
occurrence  of  the  steep  gradient  shows  a  renewal  of  the  water,  and 
therefore  a  current.  The  observations  of  the  Voddivia  show  a  similar 
distribution  in  lat.  60®  to  63®  S.,  with  this  diflTerence — that  the  surface 
layer  is  colder  than  the  intermediate  one,  which  is  itself  colder  than  the 
former  intermediate,  being  about  34®  Fahr.  The  bottom  layer  has  as 
low  a  temperature  as  31®  •  5  Fahr.  Unfortunately,  there  are  not  enough 
determinations  ef  the  temperature  of  the  deeper  layers  to  indicate  the 
gradient  which  separates  the  cold  bottom  water  from  the  comparatively 
warm  intermediate  water.  The  recommendation,  therefore,  which  the 
writer  would  make  is,  that  in  these  regions  temperature  observations 
in  the  deeper  layers  should  not  be  spared,  and  where  there  is  water 
of  exceptional  coldness  at  the  bottom,  the  position  and  steepness  of 
the  gradient  which  separates  it  from  the  overlying  water  should  be 
accurately  determined.  Further,  as  the  whole  range  of  temperature 
to  be  dealt  with  in  Antarctic  water  is  at  the  most  from  28®  to  35®  or 
36®  Fahr.,  and  therefore  small  differences  of  temperature  are  relatively 
of  great  importance,  it  is  well  to  have  the  thermometers  constructed 
specially  for  this  work,  the  scale  containing  few  degrees,  but  these  wide 
apart.  In  the  survey  of  the  Gulf  of  Guinea  in  the  Buccaneer,  the  writer 
had  such  thermometers,  and  he  regularly  sounded  with  one  thermo- 
meter at  the  end  of  the  wire,  and  another  usually  250  fathoms  above  it. 

♦  *0n  the  Physical  and  Chemical  Work  of  an  Antarctic  Expedition,*  by  J.   Y. 
Bucbanaxiy  F.R.S.     Geographical  Journal  for  November  1899. 
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It  is  also  of  great  importance  to  ascertain  the  density  of  this 
exceptionally  cold  bottom  water.  Near  the  coast  of  South  America 
it  was  found  in  the  ChaUenger  to  be  very  high,  and  this  was  con- 
firmed by  an  observation  of  the  Gazelle  in  the  same  locality.  It  is 
this  density  at  constant  temperature  which  decides  whether  a  water 
can  carry  its  surface  temperature  down  to  great  depths,  or  whether  it 
shall  remain  at  the  surface,  and  it  is  the  annual  range  of  temperature 
of  such  water  which  gives  it  its  penetrating  power.  This  was  clearly 
set  forth  in  a  paper  sent  home  during  the  first  year  of  the  voyage  of 
the  Challenger,  and  published  in  the  Proceedings  of  the  Royal  Society.^ 
The  highest  surface  densities  are  found  in  the  North  Atlantic,  in  the 
Trade-wind  regions,  and  there  the  surface  water  has  a  higher  density 
than  any  layer  below  it ;  consequently,  when  it  is  cooled  in  winter  to 
the  same  temperature  as  the  water  immediately  below  it,  it  sinks 
through  it,  and  in  this  way  a  high  temperature  is  disseminated 
through  the  whole  thickness  of  the  water  of  the  North  Atlantic.  In 
the  eastern  part  of  this  ocean,  the  density  and  temperature  of  the 
bottom  waters  are  sensibly  increased  by  the  **  brining  down  "  of  the 
Mediterranean. 

The  common  feature  of  Antarctic  water  found  by  all  expeditions 
is  the  thick  warm  layer  lying  between  a  cold  layer  at  the  surface 
and  another  cold  layer  at  the  bottom.  It  is  very  important  to  trace 
these  two  cold  layers  Southwards,  until  they  join  and  the  warm 
intermediate  layer  has  disappeared.  Every  particular  connected 
with  this  will  be  of  interest. 

Freezing  Temperature  of  average  Sea  Water, — Sir  James  Eoss, 
in  his  description  of  his  voyage,  frequently  refers  to  39°  Fahr,  as 
the  temperature  of  maximum  density  of  all  waters,  and  draws 
carious  conclusions.  Now  it  was  well  known  before  the  date  of 
his  voyage  that  average  sea-water  continues  to  contract  to  a 
much  lower  temperature  than  39°.  Indeed,  its  temperature  of 
maximum  density  is  below  that  of  its  freezing-point,  which  may  be 
put  at  29°  Fahr.  A  similar  mistake  is  often  made  at  the  present 
day  by  geographical  writers.  Although  everybody  knows  and  re- 
cognises that  sea-water  freezes  at  a  temperature  below  that  of  fresh 
water,  and  that  this  temperature  is  the  lower  the  greater  the  quantity 
of  salt  contained  in  the  sea-water,  it  is  to  some  extent  not  known 
and  to  a  great  extent  not  recognised  that  pure  ice,  which  when  left 
to  itself  melts  at  32°  Fahr.,  begins  to  melt  in  salt  water  at  exactly 
the  same  temperature  as  that  at  which  the  same  water  begins  to 
freeze.    A  piece  of  pure  lake-ice  immersed  in   average  sea-water 

•  Vroc.  B.S.  (1«75),  vol  civil  p.  123. 
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• 

reduces  its  own  temperature  and  that  of  the  sea-water  in  its  im- 
mediate neighbourhood  to  a  temperature  of  roughly  29°  Fahr.,  which 
varies  with  the  concentration  of  the  resultant  brine  formed  by  the 
mixture  of  the  sea-water  with  the  pure  water  formed  by  the  melting 
of  the  ice.  An  iceberg  consists  of  pure  land-ice,  and  if  it  is  of 
sufficient  thickness  to  reach  the  layer  of  warm  intermediate  water, 
its  lower  surface  must  be  always  melting  at  a  temperature  of  about 
29°  Fahr.,  and  this  temperature  must  in  time  be  communicated  to 
the  body  of  the  ice,  if  it  did  not  have  it  before.  But  it  must  neces- 
sarily be  at  about  this  temperature,  because  it  separates  from  the 
parent  land  ice  after  it  has  been  pushed  into  the  sea.  If  it  had  a 
temperature  below  29°  Fahr.,  it  would  freeze  the  sea-water  round  it 
until  it  had  got  rid  of  its  excessive  cold ;  and  if  it  had  a  temperature 
above  29°  Fahr.,  the  sea-water  round  it  would  melt  its  ice  until  it 
had  got  rid  of  its  excessive  heat.  The  representative  freezing  tem- 
perature of  sea-water  is  taken  as  29°  Fahr.,  but  it  varies  with  the 
salinity.  In  this  respect  sea-water  was  found  to  agree  closely  with 
a  solution  of  chloride  of  sodium  containing  the  same  percentage  of 
chlorine.  The  subject  was  carefully  investigated  during  the  winter 
1886-87,  and  the  results  were  communicated  to  the  Eoyal  Society  of 
Edinburgh,  in  a  paper  which  was  read  on  March  21,  1887.*  The 
rule  regulating  the  appearance  or  disappearance  of  ice  in  a  solution 
of  chloride  of  sodium  is  very  simple.  The  number  expressing  the 
percentage  by  weight  of  chlorine  in  the  solution  expresses  on  Celsius' 
scale  the  depression  of  the  freezing-point  of  the  solution  below  that 
of  distilled  water,  and  by  consequence  the  temperature  at  which 
pure  ice  begins  to  melt  in  the  same  solution.  Thus  the  freezing- 
point  of  a  solution  of  chloride  of  sodium,  containing  1  per  cent  of 
chlorine,  is  —  1°  *  0  C. ;  if  it  contains  1 '  75  per  cent,  chlorine,  its 
freezing  point  is  —  1°'75  C. ;  And  so  on  for  concentrations  not 
exceeding  that  of  the  saltest  ocean  water.  Sea-water,  the  solid 
contents  of  which  consist  chiefly  of  chlorides,  follows  this  rule 
approximately,  but  not  exactly.  The  following  table,  from  p.  133  of 
the  memoir,  is  derived  from  twenty-five  determinations  made  with 
the  greatest  care  in  sea-waters  of  different  degrees  of  concentration 
and  freezing  at  temperatures  between  —  0°*5  C.  and  —  2°  "22  C. 

Freezing  temperature       ..      ..     -2°0C.     -  P-5C.    -POO.    -0**-5C. 
Per  cent,  by  weight  of  chlorine  1*940  1*445  0*963  0*475 

Difference 0060  0*055  0037  0025 

From  this  we  have  the  following  approximate  rule :  The  number 
expressing  on  Celsiits*  scale  the  depression  of  tlie  freezing-point  of  a 

•  *  On  Ice  and  Brines/  by  J.  Y.  Buchanan  (1887).     Proc.  R.S.S,,  vol.  xiv.  p.  129 ; 
a/go  Nature  (1887),  vol.  xxxv.  pp.  516,  608,  and  vol.  xxxvi.  p.  9. 


CHEMICAL  AND   PHYSICAL   NOTES.  75 

ua-xcattT  below  that  of  distilled  water  is  found  hy  adding  0'04  to  the 
number  expressing  the  percentage  hy  iveight  of  chlorine  in  the  same 
voter.  From  these  few  remarks,  it  will  be  seen  that  the  mutual 
interaction  between  ice,  salt,  and  water  must  be  taken  into  account 
in  interpreting  the  results  of  the  sea-temperatures  of  the  Antarctic. 

jSra  Ice  as  met  with  in  Polar  Seas. — The  above  law  refers  to  ocean 
waters  which  contain  not  more  than  4  per  cent,  of  dissolved  matter. 
In  the  coarse  of  a  Polar  winter  the  sea  freezes  to  a  tliickness  of  8  or 
10  feet,  and  in  proportion  as  the  ice  gets  thicker,  the  actions  and 
reactions  between  ice  and  brine  and  salt  and  water  become  more  com- 
plex, and  the  law  of  freezing  is  no  longer  so  simple  as  that  stated 
above. 

Sea  ice,  as  it  occurs  in  the  Arctic  ocean,  has  been  described 
in  great  detail  by  Weyprecht,  in  a  work  *  which  should  be  included 
in  the  library  of  every  Antarctic  expedition.  The  Tegetthoffy  which 
was  Weyprecht's  ship,  was  beset  in  the  pack  in  lat.  76*^  18'  N.,  long. 
61°  17'  E.,  on  August  13,  1872.  Twenty-one  months  later  she 
was  still  a  prisoner  in  the  pack,  and  had  to  be  abandoned.  During 
all  these  months  there  was  no  lack  of  time  or  opportunity  to  stiidy 
sea-ice  in  all  its  forms  and  moods,  and  every  line  of  Weyprecht's 
book  is  of  interest  to  the  voyager  in  icy  seas.  The  matter  is  treated 
quite  objectively.  First  the  difTerent  forms  which  the  ice  assumes 
and  their  origin  are  dealt  with ;  then  ice-pressure,  of  which  the 
Tegdthoff  had  suflicient  experience,  and  the  nature  of  sea-ice  in 
winter  and  in  summer,  are  described.  In  winter  we  have  the 
formation  of  the  ice  and  its  transformations  under  the  combined 
influence  of  cold  and  varying  pressure;  in  summer,  unfortunately 
for  the  Tegetthoffy  there  was  no  opportunity  of  studying  the  dis- 
appearance of  the  ice,  but  its  transformations  under  the  influence  of 
melting  and  varying  pressure  are  described.  After  these  detailed 
studies,  we  have  a  description  of  the  motions  of  the  ice  and  of  the 
water  as  observed  in  North  Polar  regions,  and  speculations  as  to 
what  may  be  expected  to  take  place  in  regions  not  then  visited. 

For  the  chemist  and  the  physicist  the  following  extracts,  which 
describe  the  freezing  of  sea-water  under  severe  cold,  are  of  special 
interest : 

Page  55. — The  author  is  here  describing  the  ice  which  surrounded 
the  Tegetthoff  during  the  winter.  Keferring  to  the  openings  which 
occurred  in  it  from  time  to  time  and  without  apparent  reason,  he 
^ys : — 

*  *Dio    Metamorphoaen    dcs    rolart'i8f.>6/  Ton    Karl    Wcjprecht.      Wien,   Moritz 
P^H  1S79. 
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"  If  the  cold  is  very  intense,  then  such  quantities  of  vapour  rise 
from  the  water,  so  soon  as  it  comes  in  contact  with  the  air,  that  it 
looks  as  if  a  veil  had  been  spread  over  the  surface  of  the  water.  The 
masses  of  vapour  which  rise  are  so  dense  that  it  looks  as  if  the  open- 
ing of  the  ice  were  filled  with  hot  water. 

"  This  does  not,  however,  last  long.  The  evaporation  of  the  water 
which  furnishes  the  vapour  removes  heat  from  the  water  and  assists 
the  cold  of  the  air  in  producing  a  covering  of  young  ice.  In  a  very 
short  time  the  surface  of  the  water  begins  to  get  thick,  and  threads 
like  a  spider's  web  run  out  from  the  edge  of  the  old  ice  towards  the 
middle.  The  covering  which  at  first  was  thin  and  pasty  acquires 
consistence  and  thickness ;  the  production  of  vapour  diminishes,  and 
soon  ceases. 

"  At  this  stage  the  salt-water  ice  is  a  pasty  mass,  which  follows 
every  surface  movement  of  the  water  on  which  it  floats.  With  in- 
creasing thickness  this  ice-mass  acquires  greater  consistence  and 
becomes  tougher,  but  even  with  very  intense  cold  it  does  not  become 
sufficiently  strong  to  bear  the  weight  of  a  man  with  safety  until 
after  thirty  to  thirty-six  hours.  With  a  temperature  of  —40°  C. 
the  new  ice,  even  after  twelve  hours,  is  still  so  soft  that,  in  spite 
of  its  thickness,  a  stick  can  be  easily  thrust  through  it.  On  Decem- 
ber 13,  1872,  the  ice  had  in  sixty  hours  attained  a  tliickness  of 
20  centimetres,  the  temperature  being  —  35°  C.  But  even  with  this 
tliickness  it  is  still  in  no  way  brittle,  but  is  so  pasty  that  it  gives 
way  under  the  weight  of  a  man,  without  breaking.  It  gives  the 
impression  that  one  is  walking  on  well-stretched  leather,  and  it 
keeps  this  leathery  character  for  a  long  time.  Even  after  four- 
teen days,  when  its  thickness  is  over  half  a  metre,  it  does  not  break 
when  exposed  to  moderate  pressure,  but  crumples  up  with  un- 
dulating folds.  An  expanse  of  young  ice  in  this  state  looks  as  if 
the  water,  when  in  motion,  had  been  surprised  by  the  cold  and  every 
wave  had  suddenly  been  turned  into  ice. 

"  This  persistent  viscosity  is  caused  by  the  large  amount  of  salt 
which  remains  in  the  upper  layers  of  the  ice  frozen  by  intense  cold, 
and  of  the  moisture  which  it  attracts.  In  the  formation  of  each  ice- 
crystal,  the  salt  is  completely  excluded.  When  the  ice  formation 
takes  place  very  rapidly,  under  the  influence  of  very  low  tempera- 
ture, a  large  number  of  ice-crystals  are  formed  in  a  very  short  time, 
and  much  of  the  Salter  brine  remains  entangled  in  them.  Conse- 
quently the  ice  covering  which  first  forms  consists  of  loose  ice- 
crystals,  mixed  with  the  brine  from  which  they  have  been  formed. 
As  the  cold  continues,  more  ice  is  formed  out  of  the  brine,  and  the 


CHEMICAL   AND   PHYSICAL   NOTES.  77 

residual  brine  becomes  more  concentrated :  but,  however  great  the 
cold,  the  surface  layers  of  sea-water  ice  never  acquire  the  hardness 
or  present  the  appearance  of  fresh-water  ice.  When  the  ice  has 
acquired  a  certain  thickness,  the  formation  of  ice  at  the  lower  sur- 
face takes  place  slowly,  and  the  excluded  brine  disseminates  itself 
at  once  in  the  water.  The  ice,  so  formed,  is  much  freer  from  salt 
than  that  which  was  first  formed  on  the  water  surface.  The  thicker 
the  young  ice  becomes,  the  less  influence  does  the  comparatively 
warm  sea-water  have  on  the  upper  layers  of  the  ice,  and  the  lower 
does  the  temperature  of  the  ice  and  the  entangled  brine  fall. 

"  But  as  the  brine  is  always  in  contact  with  ice,  it  is  always  at 
its  freezing-point,  which  continually  falls  as  the  concentration  of 
the  brine  increases.  By  tliis  continual  freezing  process  of  brine, 
which  is  always  getting  more  and  more  saturated,  the  liquid  residue 
approaches  more  and  more  the  point  where  it  can  sustain  the  greatest 
cold  without  freezing.  On  the  surface  there  remains  a  very  concen- 
trated brine  which  keeps  the  ice  moist  day  after  day,  and  which  gives 
it  its  pastiness.  On  walking  over  such  a  surface,  so  long  as  no  fresh 
SDOw  has  fallen  on  it,  one  is  astonished  to  find  that  every  step  one 
takes  remains  impressed  on  the  white  surface,  and  it  is  diflicult, 
especially  for  a  new-comer,  to  understand  how  what  he  takes  for 
snow  can  be  in  a  state  of  thaw  at  a  temperature  of  —  40"^  C,  and 
even  lower.  The  moisture  which  collects  in  the  foot-prints,  is  how- 
ever, not  water  but  a  very  concentrated  saline  solution,  principally 
chloride  of  calcium,  which  in  the  course  of  time  is  absorbed  into 
the  ice. 

"  From  the  above  description  of  the  process  of  formation  of  sea- 
water  ice,  it  is  evident  that  when  such  ice  is  melted  the  saltness  of 
the  water  produced  will  vary  according  as  the  ice  has  been  taken 
from  the  surface  layers  or  from  lower  down. 

*•  The  following  determinations  were  made.  The  water  formed  by 
melting  the  white  surface-ice  which  had  taken  thirty -six  hours  to 
form  under  a  cold  of  —33° -5  C,  has  a  specific  gravity  of  1-087; 
and  water  from  ice  which  had  taken  sixty  hours  to  form  under  a 
cold  of  —  33''C.,  had  a  specific  gravity  of  1*076,  both  measured  at 
+  6° "2  C.  These  measiurements  correspond  to  a  salinity  of  11*8 
and  10 '0  per  cent,  respectively.  This  ice  was  really  the  eflSorescent 
surface  skin. 

"  The  specific  gravity  of  the  water  produced  by  melting  the  ui)per- 
most  5  centimetres  of  the  above  ice  along  with  the  white  surface 
skin  was  1*017  at  -1-19'' -7,  that  of  the  middle  9  centimetres  was 
1-009  at  -f-ll''-4  C,  and  that  of  the  lowest  5  centimetres  was  I'QOS 
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at  +16** '8  C.  These  specific  gravities  correspond  to  salinities  of 
2  •  5, 1  •  3  and  1  •  2  per  cent,  respectively.  The  average  specific  gravity 
of  the  sea-water  is  1  '025." 

Weyprecht  assumed  that  the  ice  formed  by  freezing  sea-water 
was  pure  ice,  and  that  its  saltness  was  derived  from  brine  mechanic- 
ally adhering  to  it,  from  which  it  was  impossible  to  free  it.  There 
was  no  experimental  evidence  to  prove  this.  Others  thought  that 
as  the  ice  formed  by  freezing  salt  water  has  a  different  melting-point 
from  fresh-water  ice,  and  it  is  impossible  by  melting  it  to  produce 
water  free  from  salt,  that  the  salt  is  an  essential  constituent  of 
the  ice.  Experiments  made  by  the  writer*  in  the  Antarctic  area 
during  the  cruise  of  the  Challenger^  supported  the  latter  view,  and  he 
held  it  until  subsequent  experiments,  t  which  he  made  some  twelve 
years  later,  enabled  him  to  supply  direct  experimental  evidence  that 
the  contrary  is  the  case,  that  the  ice-crystals  are  indeed  pure  ice,  and 
that  their  saltness  is  due  only  to  adhering  brine  from  which  it  is 
impossible  to  free  them. 

Demonstration  that  the  Ice  jyroduced  hy  Freezing  Sea-water  and 
similar  Solutions  is  pure  Ice, — The  principle  guiding  the  research 
was,  that  if  the  ice,  which  forms  when  sea- water  or  saline  solutions 
of  similar  concentration  are  partially  frozen  is  pure  ice,  then  pure  ice 
of  independent  origin  such  as  snow,  must,  when  mixed  with  the  sea- 
water  or  saline  solution,  melt  at  the  same  temperature  as  the  ice  which 
is  formed  by  freezing  the  solution,  when  the  concentration  is  the  same. 
Sea-water  and  various  saline  solutions  were  experimented  with  on 
these  lines,  and  the  following  was  the  scheme  of  experiment : — 

The  solution  of  a  salt,  for  instance,  chloride  of  sodium,  was 
gradually  cooled  in  a  freezing  mixture,  and  the  temperature  watched 
as  more  and  more  crystals  separated  out ;  at  suitable  intervals  the 
temperature  was  accurately  noted,  and  simultaneously  a  sample  of 
the  brine  was  taken ;  in  this  way  a  series  of  freezing  temperatures 
^,  ^2i  ^3,  etc.,  was  obtained,  and  after  analysis  of  the  samples  a  corres- 
ponding series  of  salinities  Si,  52>  ^3>  etc.,  was  obtained.  When  the 
lowest  temperature,  say  t^y  was  obtained,  the  salinity  was  s^ ;  then 
the  vessel  containing  the  solution  was  removed  from  the  freezing 
mixture,  and  it  was  exposed  to  the  heat  of  the  air  of  the  laboratory. 
The  temperature  of  the  mixture  was  observed  to  rise  slowly,  and 
when  it  arrived  again  at  ^4,  ^3,  ^2  and  ti  respectively,  samples  of  the 
brine  were  again  taken  and  analysed.    The  resulting  salinities  54,  s^,  S2, 

*  *()ri  Sea-wflter  Ice.*     Proo.  R.S.  (1874),  vol.  xxii.  p.  431. 

t  *0n  Ice  and  Brines,  by  J.  Y.  Buchanan  (1887).     Proc.  Ji.S.K,  toI.  xiv.  p.  129; 
also  Nature,  Yol.  xxxv.  pp.  f>16,  608,  and  vol.  xixvi.  p.  i». 
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«i,  were  found  to  be  identical  with  those  observed  at  the  same  tem- 
perature during  cooling. 

Another  solution  of  the  same  salt  was  now  made,  and  of  strength 
represented  by  salinity  S5.  It  was  cooled  down  to  close  on  t^,  and  then 
snow  was  mixed  with  it.  The  vessel  having  been  removed  from 
the  cooling  bath  was  exposed  to  the  heat  of  the  laboratory,  and  the 
thennometer  carefully  observed  as  the  temperature  rose.  When  the 
temperature  was  exactly  t^,  ^3,  (2,  t^  samples  of  brine  were  taken  and 
analysed,  and  the  resulting  salinities  s^,  s^,  s^,  81,  were  found  to  be 
identical  with  th«)se  observed  in  the  two  previous  experiments. 

It  was  thus  shown  that  when  a  saline  solution  of  concentration 
comparable  with  sea-water  is  gradually  frozen,  certain  crystals 
which  we  call  ice-crystals  separate  out,  and  during  the  process  the 
temperature  of  the  mixture  gradually  falls  while  its  concentration 
increases.  When  the  mixture  of  brine  and  ice-crystals  is  warmed 
the  ice-crystals  gradually  melt,  the  temperature  rises  and  the  con- 
centration diminishes;  but  when  in  the  process  of  cooling  and 
freezing  the  temperature  has  fallen  to  a  certain  point,  say  t,  and  the 
salinity  is  5,  it  was  found  that  when  the  process  was  reversed  and 
the  same  temperature  t  was  reached  during  the  process  of  warming 
and  melting,  the  solution  was  found  to  have  the  salinity  s.  There- 
fore the  substance,  which  forms  the  ice-crystals  which  separate 
out  at  a  temperature  t  during  cooling,  melts  again  at  the  same 
temperature  and  concentration  during  warming.  When  the  same 
solution,  having  the  highest  concentration  which  wa9  used  in  the 
previous  experiments,  was  cooled  down  and  mixed  with  snow  and 
then  gradually  warmed,  it  was  found  that  the  snow  melted  exactly 
as  the  ice-crystals  formed  in  the  solution  itself  had  done,  and  at 
exactly  the  same  temperature  for  the  same  salinity.  But  it  is  only 
a  question  of  whether  the  salt  is  in  the  ice  or  in  the  brine.  There  is 
no  salt  in  snow,  and  it  behaves  in  a  saline  solution  in  exactly  the 
same  way  as  the  crystals  formed  by  freezing  tliat  solution ;  therefore 
the  crystals  formed  by  freezing  the  saline  solution  must  be  equally 
free  from  salt,  and  it  has  thus  been  proved  that  the  crystals  formed 
in  fretzing  saline  solutions  of  moderate  concentration  are  pure  ice, 
and  that  the  salt  from  which  they  cannot  he  freed  does  belong  to  the 
adhering  brine. 

Analogy  betu^en  Snow  and  Sea  Ice. — Snow  is  the  result  of  the 
crystallisation  of  water-vapour  dissolved  in  a  gaseous  mixture  of 
nitrogen  and  oxygen.  The  freezing-point  of  this  gaseous  mixture  is 
commonly  called  the  "dew-point"  of  the  air.  The  freezing  of  a 
saline  solution  is  analogous.      It  is  a  homogeneous  liquid,  vim\  VW 
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water  is  as  much  dissolved  in  the  salt  as  the  salt  is  in  the  water. 
When  the  solution  is  sufiBiciently  cooled,  ice  separates  in  crystals 
from  the  liquid  salt  just  as  it  did  from  the  gaseous  air,  and  Ae 
freezing-paint  of  a  solution  is  in  reality  a  dew-point  The  snow  de* 
rived  from  these  dififerent  sources  has  identical  properties ;  and  when 
real  snow  of  atmospheric  origin  is  mixed  with  a  saline  solution,  it  is 
as  impossible  to  free  it  from  salt  and  to  get  it  to  melt  at  0^  G.  as  it  is 
to  do  so  with  the  crystals  formed  by  freezing  a  saline  solution. 

This  matter  has  been  dealt  with  at  some  length,  not  only  because 
it  is  of  importance  for  the  Antarctic  explorer,  but  because  it  is  a 
matter  of  the  highest  importance  in  chemistry.  The  whole  of  that 
great  branch  of  physical  chemistry,  which  has  the  distinctive  title 
of  cryoscopy,  depends  on  the  fact  that  a  saline  solution,  in  freezing, 
yields  pure  ice ;  yet,  in  treatises  on  the  subject,  no  adequate  proof  of 
this  fundamental  fact  is  offered. 

Cryohydrates, — When  a  saline  solution  has  been  exposed  to  con- 
tinued freezing,  it  finally  acquires  a  concentration  at  which  any  further 
removal  of  water  in  the  form  of  ice  causes  the  precipitation  of  salt, 
because  at  the  temperature  attained  the  solution  is  saturated  with  the 
salt.  If  the  cooling  is  continued  the  temperature  remains  constant, 
while  ice  and  crystals  of  the  salt  separate  out  pari  passu,  and  finally  the 
whole  solution  may  solidify  to  a  porcelain-like  mass,  which  has  been 
called  the  cryohydrate  of  the  particular  salt.  If  warmed  it  will  melt 
again  at  a  constant  temperature  until  all  the  salt  has  been  dissolved, 
when  the  temperature  will  begin  to  rise.  The  case  is  quite  analogous 
to  the  boiling  mixtures*  of  constant  temperature  produced  by 
blowing  steam  through  salt,  the  temperature  remains  quite  constant 
at  that  of  the  boiling  saturated  solution  until  nearly  all  the  salt  is 
dissolved,  after  which  the  temperature  falls  in  proportion  as  the 
solution  is  diluted  by  the  condensation  of  steam. 

The  temperature  at  which  the  cryohydrate  forms  has  been  called 
the  cryobydric  temperature.  At  this  temperature  crystals  of  ice 
and  of  the  salt  remain  side  by  side  without  melting  each  other,  and 
they  behave  with  the  same  indifference  to  each  other  at  lower  tem- 
peratures. At  temperatures  above  the  cryobydric  point  they  cannot 
he  brought  together  without  melting,  when  they  produce  the  cryo- 
bydric temperature.  The  cryobydric  temperatures  of  different  salts 
differ.  From  the  observations  of  Weyprecht.  Nordenslqold,  and 
otliers,  we  learn  that  even  at  a  temperature  of  —  40**  C.  there  is  liquid 
brine  in  the  surface  layers  of  the  sea-ice  ;  so  that  the  cryobydric  point 

•  » On  Steiira  and  Brinis.'  by  J.  Y.  BuchanRn,  F.R.S.     TVaiM.  1{.8.E.  (1899),  toI. 
xxxix.  p.  529. 
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of  some  of  the  salts  in  sea- water  must  be  lower  than  this  tempera- 
ture. The  temperature  of  this  mixture  of  ice  and  brine  must  he  the 
freezing  temperature  of  the  brine  and  the  Tnelting  temperature  of  ice 
in  the  brine. 

It  has  been  said  that  above  the  crjohydric  temperature  crystals 
of  the  salt  and  of  ice  cannot  be  brought  together  without  liquefaction. 
When  air  is  saturated  with  moisture  at  temperatures  below  0°  C. 
the  moisture  is  deposited  as  rime,  which  is  ice.  If  the  surface  on 
which  it  is  deposited  is  a  soluble  salt,  and  if  the  temperature  is  above 
the  cryohydric  temperature  of  the  salt,  liquefaction  will  take  place  at 
the  point  of  deposit.  Hence  it  follows  that  e7>ery  salt  is  deliquescent 
at  temperatures  between  0°  C.  and  its  cryohydric  temperature. 

Numerical  data  regarding  the  freezing-points  of  saline  solutions 
are  to  be  found  in  collections  of  physical  tables  such  as  those 
published  by  the  Smithsonian  Institution. 

The  following  table  gives  the  freezing-points  of  saturated  solu- 
tions of  a  number  of  salts,  as  recently  determined  with  the  greatest 
care  by  L.  C.  de  Coppet,*  who  was  the  first  to  prove  and  to  clearly 
enunciate  the  relation  which  exists  between  the  molecular  weight  of 
a  salt  and  the  freezing-point  of  its  aqueous  solution. 

Table  I. 


Salt  ditfolTcd. 

Amount  of 

Salt 

dinolvedin 

lOOgrmi. 

water. 

Freezing 

Temperature 

of  Solution. 

Chloride  of  potaaBimn 

Chloride  of  sodium 

Chkfide  of  ammoQinm 

Nitrate  of  potassiam 

Niteateofaodimn 

Nitrate  of  ammonium 

Nitimte  of  barium 

Nitiata  of  ftrontium 

Nitiate  of  lead 

KCl 

NuCl 

NH,a 

KNO, 

NaNO, 

NH.NO, 

Ba(NO,), 

Sr(NO,X 
Pb(NOJ. 

gmw. 
24-6 

29-6 

22-9 

10-7 

58-5 

700 

4-5 

32-4 

35-2 

-1116 
-21-85 
-15-8 

-  2-85 
-18-5 
-17-35 

-  0-7 

-  5-75 

-  2-7 

The  meaning  of  this  table  is  that  if,  for  example,  we  take 
29*6  grms.  of  common  salt  (NaCl)  and  dissolve  it  in  100  grms.  of 
water,  which  will  take  some  little  time,  and  we  then  expose  it  to  an 
Antarctic  temperature  such  as  —  25°  C.  or  —  30°  C,  the  temperature 
of  the  solution  will  fall  until  it  reaches  —  21° -85  C,  when  it  will 
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remain  stationary  while  crystals  form  in  the  solution.  This  crys- 
tallisation will  proceed  until  the  solution  has  become  a  white  solid 
enamel-like  mass.  When  it  has  completely  solidified,  its  temperature 
will  begin  to  fall  again,  and  will  continue  to  fall  until  it  has  reached 
the  temperature  of  the  air,  —  25°  C.  or  —  30*^  C,  as  the  case  may  be. 
The  white  enamel-like  mass  is  what  was  called  by  Guthrie  the 
cryohydrate  of  chloride  of  sodium.  Although  it  is  no  longer  believed 
to  be  a  definite  hydrate  in  the  chemical  sense  of  the  term,  still  it  is  a 
mixture  of  NaCl  and  H2O  in  a  definite  and  constant  proportion  with 
a  constant  melting-point,  and  simulates  a  chemical  compound  so 
successfully  that  it  is  well  entitled  to  retain  its  name  of  cryo- 
hydrate, aU  the  more  as  it  is  convenient  to  have  a  special  name  to 
designate  these  mixtures.  The  cryohydrate  of  chloride  of  sodium  is 
an  intimate  mixture  of  29*6  grms.  of  chloride  of  sodium  with 
100  grms.  of  ice.  It  melts  at  the  constant  temperature  —21° '85  C.» 
and  when  melted  it  will,  if  cooled,  solidify  again  at  the  same 
temperature.  Below  this  temperature  chloride  of  sodium  and  ice  are 
indifferent  to  each  other;  above  this  temperature  they  melt  each 
other,  and  between  this  temperature  and  0°  C.  chloride  of  sodium  is 
a  deliquescent  salt. 

Again,  we  see  bom  de  Coppet's  table  that  the  cryohydrate  of 
chloride  of  ammonium  (NH4CI)  consists  of  22  *  9  grms.  of  the  salt  and 
100  grms.  of  ice,  and  this  mixture  can  exist  either  in  the  liquid  or 
the  solid  state  at  — 15°*  8  C.  In  the  case  of  chloride  of  sodium  it  was 
indicated  that  by  making  a  solution  saturated  at  ordinary  tempera- 
tures (-1-15°  C.)  we  obtained  a  solution  of  the  concentration  of  the 
cryohydrate,  which  is  a  solution  saturated  at  the  cryohydric  tempera- 
ture (  —  21*85°  C).  It  is  a  remarkable  property  of  common  salt 
that  its  solubility  in  water  is  almost  entirely  unaffected  by  change  of 
temperature.  The  law  holds  almost  universally  that  salts  are  more 
soluble  in  warm  than  in  cold  water.  This  is  the  case  with  chloride 
of  ammonium.  At  a  barometric  pressure  of  742  mm.,  when  steam 
is  blown  through  the  salt  it  forms  a  boiling  mixture  of  salt  and 
saturated  solution  having  the  constant  temperature  of  113° '8  C,  the 
temperature  of  boiling  distilled  water  under  the  same  pressure  being 
99°*  33  C.  This  boiling  saturated  solution  contains  78*7  grms.  of 
chloride  of  ammonium  to  100  grms.  of  water,  and  on  cooling  to  the 
ordinary  temperature  of  15°  C.  the  amount  of  the  salt  remaining  in 
solution  is  only  35*7  grms.  to  100  grms.  of  water,  the  difference, 
43  grms.,  has  separated  out  as  crystals.  If  the  solution,  saturated  at 
+  15°  C.  and  containing  35*7  grms.  of  NH4CI  to  100  grms.  of  H,0, 
he  now  exposed  to  a  temperature  of  —15° '8  C,  its  temperature  will 
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fall  gradually,  until  —15^*8  C.  is  reached.  During  the  process 
of  cooling  a  large  amount  of  the  chloride  of  ammonium  crystal- 
lises out.  It  is  well  known — and  the  fact  can  be  verified  in  a 
moment  by  making  the  experiment — that  when  crystals  of  chloride 
of  ammonium  are  mixed  with  water  of  ordinary  temperature, 
cold  is  produced.  The  cold  experienced  is  the  measure  of  the  heat 
absorbed  in  the  liquefaction  of  the  salt  by  solution.  When  the 
process  is  reversed  and  the  salt  is  deposited  &om  the  solution  this 
heat  is  restored,  and  it  is  appropriated  in  the  first  instance  by  the 
solution  which  is  cooling  and  crystallising,  and  pro  tanto  it  diminishes 
the  rate  of  cooling  and  of  crystallising.  At  — 15^*  8  G.  the  saturated 
solution  of  chloride  of  ammonium  contains  22  *  9  grms.  of  the  salt  to 
100  grms.  of  water,  so  that  12*8  grms.  of  the  salt  have  crystallised 
out  Had  the  solution  been  originally  made  to  contain  only 
22-9  grms.  of  chloride  of  ammonium  to  100  grms.  of  water  at 
+15°  C,  and  it  had  then  been  exposed  to  the  low  temperature  of 
-15°  "8  C,  the  time  in  which  the  solution  would  have  fallen  to  this 
temperature  would  have  been  much  shorter,  but  the  final  result 
would  have  been  the  same — we  should  have  an  aqueous  solution  of 
chloride  of  ammonium  of  the  cryohydric  concentration  and  at  the 
cryohydric  temperature.  If  this  solution  were  then  exposed  to  a 
lower  temperature,  say  —  20°  C,  it  would  lose  heat,  but  its  tempera- 
ture would  remain  constant  at  — 15° '8  C,  and  the  equivalent  of  the 
heat  removed  would  be  apparent  in  the  ice  and  salt  which  would 
separate  out  pari  passu  so  long  as  heat  was  being  removed  and  there 
lemained  anything  liquid  from  which  to  remove  it.  So  soon  as  the 
liquid  has  disappeared  and  the  mass  has  become  solid  throughout, 
the  further  removal  of  heat  is  represented  by  a  fall  of  temperature  of 
the  solid  mass ;  the  temperature  will  faU  in  time  to  —  20°  C,  and  to 
tny  lower  temperature  to  which  the  solid  may  be  exposed.  If  it  is 
then  warmed  by  being  placed,  for  instance,  in  a  room  having  a  tem- 
perature of  + 15°  C,  its  temperature  will  first  rise  to  — 15°  •  8  C,  at 
which  point  it  will  remain  stationary  while  the  mass  liquefies.  When 
the  mass  is  aU  liquid  the  temperature  of  the  liquid  will  rise  rapidly 
until  it  finally  assumes  that  of  the  room. 

We  see,  then,  that  at  temperatures  below  —15° '8  C.  chloride  of 
ammonium  and  ice  are  indifferent  to  each  other ;  above  this  tempera- 
ture they  melt  each  other,  and  at  temperatures  between  0°  C.  and 
-15° '8  C.  chloride  of  ammonium  is  a  deliquescent  salt. 

It  might  be  thought  that,  as  the  cryohydric  temperature  of 
tUoride  of  sodium  is  —21° '85  C.  and  that  of  chloride  of  ammonium 
i«  -IS^^'S  C,  the  cryohydric  temperature  of  a  mixture  of  tViem  in 
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equal  proportions  would  be  somewhere  near  the  middle,  or  about 
—  18'' '8  C.  But  this  is  not  so.  The  cryohydric  temperature  of  a 
mixture  of  the  two  salts  lies  below  that  of  either  of  the  salts ;  and 
the  same  is  the  case  even  with  the  mixtures  of  the  chlorides  of 
sodium  and  of  potassium,  the  cryohydric  temperatures  of  which  are 
so  far  apart. 

The  following  rough  observations  ^Table  II.)  were  made  in  the 
Engadine  on  September  20,  1897,  when  a  heavy  snowfall  occurred. 


Table  II. 


Soow 

Salt  a. 

Salt  5. 

Ctyobydrlc 

Weight. 

Formula. 

Weight. 

Forma  la. 

Weight. 

Temperature. 

grms. 
20 

32 

34 

36 

42 

..        » 

48 

73 

NaCl 

KCl 

NH,C1 

NaCl 

NaCl 

BaCl,2H,0 

Ba(NO,). 

BaCl,2H,0 

grms. 
32 

38 

22 
11-7 
11-7 

25 

27 
12-2 

•  • 

•  • 

KCl 
NH.Cl 

•  • 

•  • 

Ba(NOJ, 

grms. 

. « 

• . 
14-9 
10-7 

•  • 

•  • 

1307 

«C. 
-21-0 

-Il-O 

-15-8 

-230 

-24-8 

-  7-9 

-  1-0 

-  8-6 

The  temperatures  were  aU  observed  with  the  same  thermometer 
and  no  correction  has  been  applied.  The  temperature  marked 
—  Q®*3  C.  in  melting  snow,  which  makes  the  determined  cryo- 
hydric temperature  of  nitrate  of  barium  agree  with  that  found  by 
de  Coppet,  namely  —  0°'7  C.  The  thermometer  was  one  of  ordinary 
German  manufacture  divided  into  whole  degrees.  The  observa- 
tions illustrate  the  fact  that  the  cryohydric  temperature  of  a 
mixture  of  two  salts  is  lower  than  that  of  the  salt  which  separately 
has  the  lower  cryohydric  temperature  of  the  two.  The  mixtures 
experimented  on  were  of  equal  molecular  proportions,  in  fine 
powder,  intimately  mixed  with  dry  powdery  snow.  Perhaps  the 
most  remarkable  mixture  in  the  table  is  that  of  the  chloride  and 
nitrate  of  barium :  the  cryohydric  temperature  of  the  mixture  is  nearly 
the  sum  of  the  separate  cryohydric  temperatures.  In  almost  every 
case  where  accurate  observations  have  been  made,  it  has  been  found 
that  the  melting  temperature  of  a  mixture  is  lower  than  that  of  the 
most  fusible  of  its  components.  The  frequency  of  this  observation 
has  justified  its  enunciation  as  a  law,  and  the  recognition  and  elabo- 
ration of  this  law  have  done  much  for  the  advancement  of  physical 
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chemistry.  This  is  not  the  place  to  enlarge  further  on  it  in  its 
general  aspect,  but  in  its  particular  application  to  the  cryohydric 
and  to  the  freezing  temperatures  of  solutions  of  salts  and  of  mixtures 
of  salts,  it  is  of  great  interest  to  the  scientific  members  of  an  Arctic 
or  Antarctic  expedition.  In  recent  years  workers  in  physical  chemistry 
haye  mainly  limited  themselves  to  the  study  of  very  dilute  solutions, 
and  the  behaviour  of  concentrated  and  saturated  solutions  when 
exposed  to  great  cold  has  received  comparatively  little  attention. 
Consequently  the  chemist  and  physicist  of  the  Expedition  has  a 
comparatively  unoccupied  field  before  him,  and  he  is  free  to  choose 
the  simplest  problems. 

In  our  country  the  opportunities  for  the  exact  study  of  freezing 
mixtures  are  rare,  because  it  seldom  snows  at  all,  and  when  it  does, 
the  snow  is  flaky  and  at  or  about  its  melting-point.  Crystalline 
powdery  snow,  which  has  never  experienced  its  melting  temperature, 
is  a  rarity  even  on  our  mountains.  This  is  the  only  form  in  which 
ice  should  be  used  for  freezing  or  cryohydric  mixtures,  when  these 
are  to  be  studied  exactly.  When  a  freezing  mixture  is  made  with 
salt  and  ordinary  moist  snow,  the  salt  forms  little  local  freezing 
mixtures  where  it  comes  into  actual  contact  with  a  snow-crystal,  and 
the  cold  produced  freezes  the  moisture  adhering  to  contiguous  snow- 
oystals,  with  the  result  that  an  altogether  impracticable  and 
hsterogeneous  mass  of  lumps  of  ice  and  masses  of  salt  is  formed. 
In  the  Antarctic  regions  cold  powdery  snow  will  be  common  enough, 
and  exact  experiments  on  the  temperature  and  concentration  of  the 
fieeang  mixtures  which  it  makes  with  different  salts,  and  especially 
with  definite  mixtures  of  salts,  will  be  easy,  and  cannot  fail  to  be 
interesting. 

The  ssdts  must  be  pure,  dry,  and  in  fine  powder.  When  mixtures 
are  used  they  should  be  in  simple  molecular  proportions,  as  for 
instance,  NaQ  +  NH4CI,  NaCl  +  2NH4CI,  3NaCl  +  2NH4CI,  and  so 
OIL  The  weighed  quantities  of  the  two  salts  must  be  thoroughly 
mixed  in  a  mortar  before  they  are  brought  together  with  the  snow. 
The  experimenter  must  feel  assured  that  there  is  no  risk  of  his 
freezing  mixture  consisting  of  an  indefinite  association  of  local 
freezing  mixtures,  of,  for  instance,  snow  and  NaCl  and  of  snow  and 
NH4CI,  but  that  it  is  certainly  a  homogeneous  mixture,  every 
efement  of  which  consists  of  three  bodies. 

The  dry  snow  has  necessarily  a  low  temperature.  The  salt,  or 
mixture  of  salts,  when  finely  pulverised  and  intimately  mixed,  should 
be  cooled  in  a  stoppered  bottle  to  a  temperature  below  0''  C.  When 
the  cold  dry  salt  is  mixed  with  the  cold  dry  snow,  and  t\ie  tem^x^- 
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ture,  although  low,  is  still  above  the  cryohydric  temperature  of  the 
BiixttLre,  and  the  temperature  of  the  air  when  the  mixture  is 
made  is  also  above  the  cryohydric  temperature,  the  temperature  of 
the  mixture  falls  smartly  to  and  stops  abruptly  at  the  cryohydric 
temperatura  Even  when  exposed  to  the  ordinary  temperature  of  an 
inhabited  room,  such  a  mixture,  if  prepared  with  any  care,  will 
maintain  a  perfectly  constant  temperature  for  a  length  of  time 
depending  on  the  mass  of  the  mixture  made.  The  determination  of 
the  cryohydric  temperature  is  thus  quite  simple,  and  its  exactness 
depends  on  that  of  the  thermometer,  and  on  the  certainty  with 
which  it  may  be  affirmed  that  the  temperature  of  the  thermometer 
is  identical  with  that  of  the  mixture. 

The  determination  of  the  concentration  of  the  cryohydric  brine 
produced,  presents  no  diflficulty,  or  only  such  as  a  chemist  knows  how 
to  deal  with,  and  as  it  is  an  operation  which  cannot  profitably  be  at- 
tempted by  any  except  a  trained  chemist  with  considerable  labora- 
tory experience,  it  need  not  be  further  described.  The  chemist  may, 
however,  be  reminded  that  he  has  the  choice  of  two  ways  of 
approaching  the  subject  —  the  analytical  and  the  synthetical. 
Further,  he  may  either  take  his  freezing  mixture  and  allow  it  to 
melt,  or  he  may  make  his  presumed  cryohydric  solution,  and  allow 
it  to  freeze. 

Cryohydrates  of  Salts  forming  Isomorphous  Mixtures, — In  the 
study  of  the  cryohydric  constants  of  mixtures,  a  peculiar  interest 
attaches  to  mixtures  of  isomorphous  salts  which  form  mixed  crystals, 
such  as  the  nitrates  of  barium,  strontium  and  lead,  the  nitrates  of 
potassium  and  sodium. 

We  have  seen  that  in  the  case  of  salts  which,  although  they 
crystallise  in  the  same  system,  do  not  form  mixed  crystals,  as  for 
instance  NaCl  and  KCl  or  NH4CI,  a  mixture  of  any  two  is  more 
soluble  than  either  separately,  and  consequently  the  cryohydric 
temperature  is  lowered.  It  is  easy  to  imagine  why  this  should  be. 
Looking  to  the  analogy  between  salts  in  solution  and  gases,  a  certain 
mass  of  water  when  saturated  with,  say  NaCl,  is  still  virgin  with 
regard  to  KCl  which  dissolves  in  it  with  ease.  But  the  introduction 
of  KCl,  interferes  with  the  free  meeting  of  the  particles  of  NaCl, 
which  on  the  slightest  lowering  of  temperature  are  prepared  to 
unite  and  fall  out  as  crystals.  Therefore  the  effect  of  introducing 
this  indifferent  body  KCl  is  to  ijaake  the  solution  of  NaCl,  which  was 
saturated,  no  longer  saturated :  in  other  words  it  depresses  its  tem- 
perature of  saturation.  But  the  cryohydric  temperature  of  a  saline 
solution  18  the  freezing  temperature  of  the  saturated  solution.    This 
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has  been  lowered :  therefore  we  see  that  the  cryohydric  temperature 
of  a  mixture  of  NaCl  and  KCl  must  be  lower  than  that  of  NaCl 
alone ;  and  it  is  quite  independent  of  whether  the  cryohydric  tem- 
perature of  KCl  is  high  or  low. 

Imagine  now  that  KCl  and  NaCl,  not  only  crystallise  in  the  same 
system,  but  are  isomorphous  in  the  restricted  sense,  which  is  char- 
acterised by  the  formation  of  "  mixed  crystals."  It  is  then  obvious 
that  in  the  saturated  solution,  the  particle  of  NaCl  when  prevented 
from  imiting  with  another  particle  of  NaCl  to  form  a  crystal,  will 
simply  unite  with  the  particle  of  KCl  which  stands  in  the  way,  and 
will  crystallise.  Consequently,  if  the  solution  of  NaCl  were  originally 
not  quite  saturated,  the  introduction  of  the  KCl,  by  increasing  the 
amount  of  crystallisable  material,  would  make  it  saturated.  Hence, 
if  KCl  and  NaCl  were  isomorphous  and  formed  mixed  crystals,  the 
cryohydric  temperature  of  a  mixture  of  the  two  salts  would  be 
higher  than  that  of  the  NaCl. 

The  nitrates  of  barium,  strontium  and  lead  are  isomorphous  salts 
which  form  mixed  crystals.  In  boiling  mixtures,  it  has  been  shown  * 
that  nitrate  of  strontium  raises  the  condensing  temperature  of  steam 
hy  ff'-dS  C,  and  nitrate  of  lead  raises  it  by  3° '29  C,  whUe  the 

mixture  -^^ —  (NOg),  raises  it  by  5°  •  98  C. ;  and  the  quantity  of 

condensed  steam  required  to  produce  the  boiling  saturated  solution 
of  the  mixture  is  exactly  the  sum  of  the  amounts  required  for  the 
ingredients  separately.  In  the  case  of  the  nitrates  of  strontium  and 
barium,  the  elevation  of  the  condensing  point  is  not  as  great  as  with 
Sr(N03)a  alone :  the  maximum  temperature  does  not  remain  constant 
for  a  minute,  and  the  condensed  steam  required  to  dissolve  the  mix- 
ture is  about  25  per  cent,  more  than  is  required  to  dissolve  the  salts 
separately. 

Similarly  in  the  case  of  freezing  mixtures,  the  following  cryohydric 
temperatures  were  observed:  nitrate  of  barium  —  0°'7  C,  nitrate 
of  strontium  —5° '75  C,  and  nitrate  of  lead  —2***  7  C. ;  and  the 
cryohydric  temperatures  of  pairs  of  these  salts  in  equal  molecular 
proportions:  nitrates  of  strontium  and  barium  —5"^ '73  C,  nitrates 
of  strontium  and  lead  —5° '23  C,  and  nitrates  of  lead  and  barium 
-2^-53  C. 

The  case  of  the  isomorphism  of  salts  which  form  mixed  crystals 
is  a  feature  of  salts  and  solutions  which  has  no  analogy  in  the 
physics  of  gases. 

*  *Oii  Bteam  and  Brines/  by  J.  T.  BuclianaD,  F.B.S.    Tram.  n.8,F,  (1899),  yol. 
PlM7. 
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The  following  table  gives  the  temperature  at  which  ice  melts  in 
solutions  of  various  chlorides.  The  concentration  of  the  brines  is 
indicated  by  the  percentage  of  chlorine  by  weight  in  the  solution. 
It  is  taken  from  the  writer's  paper  '  On  Ice  and  Brines.* 


Table  III. 


Tempentnre  at  whicb 

Name  of  Salt  dlMoIved  and  Percentage  of  Chlorine  In  the  Solottoo. 

loe  melto  Id  Brine. 

HCl. 

KCL 

NaCL 

OtClt. 

"a 

-  35 

-  30 

-  25 

-  20 

-  15 

-  10 

-  5 

-  4 

-  3 

-  2 

-  1 

15-26 

13-98 

12-60 

11-00 

9-17 

702 

4-15 

3-41 

2-68 

1-85 

•  • 

300 
2-00 
1-02 

•  • 
• 

•  • 

•  • 

•  • 

11-10 
8-40 
4-72 
3-87 
3-02 
2-02 
1-02 

•  • 

15-97 

14-47 

12-65 

11-29 

8-93 

5-65 

4-67 

3-70 

2-70 

1-50 

In  dealing  with  sea-water  ice,  it  is  well  for  the  chemist  and 
physicist  to  confine  his  attention  in  winter  quarters  to  ice  which  he 
has  seen  freeze  and  with  the  whole  of  whose  history  he  is  himself 
acquainted.  Old  sea  ice  is  nothing  but  a  curiosity.  Every  lump  of 
it  in  a  pack  has  a  different  composition,  and  when  the  composition  of 
a  hundred  lumps  is  known,  unless  their  history  is  also  known,  it  does 
not  really  advance  our  knowledge. 

Everything  connected  with  the  natural  history  of  young  ice — ^its 
birth,  its  growth,  and  its  decay — is  of  interest,  and  its  study,  in  the 
light  of  the  foregoing  remarks,  will  afford  continual  and  interesting 
occupation. 

Land  Ice  and  the  Mechunics  of  Glaciers. — If  ice  is  an  important 
feature  of  the  sea  in  Antarctic  regions,  it  is  a  still  more  important 
feature  of  the  land,  and  it  should  be  the  object  of  careful  observation 
by  the  landing-party.  The  subject  is  a  large  one.  The  longer  one 
studies  ice  the  more  one  finds  there  is  to  learn  about  it,  and  the 
physicist  or  chemist  who  takes  part  in  the  Expedition  should  miss 
no  opportunity  of  studying  it  in  all  directions.  In  order  to  do  so 
with  effect,  he  ought  to  have  made  preliminary  studies  of  glaciers 
in  Switzerland,  where  he  finds  every  facility  to  his  hand,  and  these 
studies  should  be  made  in  winter  as  well  as  in  summer. 
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Another  educational  preliminary  for  the  members  of  a  land  ex- 
pedition is  to  acquire  as  much  skill  as  possible  in  ski  running  and 
the  method  of  travel  adopted  by  Nansen  in  crossing  Greenland.  For 
this  purpose  a  short  visit  to  Norway  in  winter  would  be  usefuL  The 
way  into  the  Antarctic  interior  will  almost  certainly  be  over  land  ice, 
and  if  it  is  the  ice  which  is  the  parent  of  the  great  tabular  bergs 
80  well  known  from  illustrations,  it  is  probable  that  travelling  over 
it  will  not  be  very  difficult  in  so  far  as  the  nature  of  its  surface  is  con- 
cerned. It  has  long  been  known  that  the  glaciers  of  Greenland  travel 
much  more  rapidly  than  those  of  Switzerland,  but  it  is  only  since 
the  publication  of  v.  Drygalski's  remarkable  observations,*  carried  on 
throughout  the  year  on  the  glaciers  of  the  west  coast  of  Greenland, 
that  we  know  that  in  some  cases  the  motion  of  the  ice  reaches  the 
astonishing  rate  of  18  metres  in  twenty-four  hours,  and  that  this  rate 
of  motion  is  very  little  affected  by  the  change  of  season.  According 
to  Drygalski,  what  chiefly  affects  the  motion  of  a  glacier  is  its  mass. 
Great  as  are  the  glaciers  of  Greenland,  there  can  be  little  doubt  that 
the  parents  of  the  Antarctic  tabular  icebergs  are  many  times  greater. 
If  conditions  such  as  these  exist  on  the  Antarctic  land,  it  is  little 
wonder  that  the  supply  of  tabular  icebergs  is  so  abundant.  Dr. 
Ar(towski  has  described  how,  on  the  occasions  when  he  landed  on 
the  ru^ed  coasts  visited  by  the  Belgica,  and  the  weather  was  calm, 
the  thunder  of  falling  ice  was  continuous.  On  Heard  Island,  during 
the  short  visit  which  the  writer  was  able  to  pay  it  firom  the 
Challenger,  the  fall  of  ice  from  the  western  portion  was  also  nearly 
continuous. 

Since  the  days  of  Hugi  and  Agassiz,  the  intimate  structure  of 
glacier  ice  has  been  the  object  of  much  study  by  Continental  and 
chiefly  Swiss  naturalists.  Englishmen,  though  they  frequent  glaciers 
as  much  as  any  other  nation,  have  generally  ignored  it.  Tyndall,  to 
whom  we  owe  so  much  of  our  knowledge  about  ice,  recognised  the 
existence  of  the  grain  of  the  glacier,  as  it  is  called,  but  made  no  use 
of  it  in  his  speculations  with  regard  to  the  nature  of  the  motion  of 
glaciers.  As  his  theories  are  independent  of  this  fundamental  feature 
of  the  constitution  of  glacier  ice,  they  must  be  pro  tanto  incomplete. 
The  colour  of  the  surface  of  a  glacier,  so  dazzling  in  its  whiteness  that 
the  inexperienced  beholder  is  apt  to  suppose  it  covered  with  freshly 
flEdlen  snow,  is  due  to  the  disintegration  of  the  compact  blue  glacier 
ice  into  its  constituent  grains  under  the  influence  of  the  radiation 
of  the  sun.     There  is  no  more  instructive  or  more  impressive  experi- 

^  'Ofonlaiul  EzpeditioD,  1891-1893,  unter  Leitung  yon  Erich  von  DrygalikL' 
1897. 
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ment  than  to  expose  a  block  of  compact  blue  ice  taken  from  'the 
interior  of  the  glacier  to  the  direct  rays  of  a  powerful  sun.  Such  a 
block  is  easily  obtained  by  penetrating  into  the  grotto,  from  which 
the  glacier  stream  issues,  to  such  a  distance  that  direct  sky-light  is 
shut  out.  Any  of  the  blocks  found  there  will  do,  and  it  is  to  be 
brought  out  and  exposed  on  a  rock.  In  twenty  minutes  or  half  an 
hour  the  block  falls  down  into  a  heap  of  irregularly  shaped  pieces  of 
ice,  each  of  which  is  a  grain  and  a  single  crystalline  individual.  In 
higher  latitudes  or  in  duU  weather,  the  power  of  the  sun  is  not 
sufficiently  strong  to  effect  this  complete  and  striking  dissolution, 
but  it  loosens  the  block  into  its  grains,  which  will  rattle  if  the  block 
be  shaken. 

The  writer  has  analysed  blocks  of  ice  from  many  Swiss  glaciers^ 
and  weighed  the  individual  grains.  They  are  of  all  weights  up  to  a 
certain  maximum,  which  varies  with  the  glacier  and  the  part  of  it 
furnishing  the  ice.  The  largest  that  he  met  with  was  from  the 
Aletsch  glacier,  and  it  weighed  700  grams.  It  is  the  size  or  weight 
of  the  largest  grains  that  it  is  important  to  determine.  Small  grains 
are  abundant  in  every  glacier,  and  are  a  necessity  in  order  that  the 
larger  ones  may  pack  close.  The  size  of  the  largest  grains  is  what  is 
referred  to  when  we  read  that  the  graiu  of  this  glacier  is  large  or  of 
that  one  small.  The  shape  of  the  grain  is  irregular,  and  no  two  of 
them  are  alike,  but  they  fit  into  each  other  like  a  puzzle.  They 
resemble  a  collection  of  vertebrae  more  than  anything  elsa  Indeed, 
if  the  disarticulated  vertebrae  of  an  animal,  especially  one  with  a 
long  tail,  were  carefully  packed  into  a  box  of  a  suitable  size,  so  as 
to  occupy  the  least  possible  space,  the  boxful  of  vertebrae  would 
resemble  the  block  of  ice  which  has  been  loosened  by  a  moderate 
sun,  and  would  rattle,  when  shaken,  in  much  the  same  way.  If 
gelatine  were  allowed  to  run  into  the  box  and  set,  we  should  have 
a  model  of  the  block  of  ice  before  exposure  to  the  sun.  If  the  box 
of  vertebrae  were  exposed  to  the  sun,  the  gelatine  would  be  liquefied, 
and  the  mass  would  be  loosened  as  in  the  case  of  the  ice.  What  is  it 
in  the  block  of  ice  which  corresponds  to  the  gelatine  in  our  illustra- 
tion with  the  vertebrae  ?  It  is  the  slightly  impure  water  which 
surrounds  the  grains  and  in  which  they  float  or  try  to  float  Under 
the  influence  of  cold,  this  impure  water  supplies  pure  ice  to  the  grain 
with  which  it  is  in  contact,  while  its  freezing-point  continually  falls ; 
finally  its  freezing-point  and  the  temperature  to  which  it  is  exposed 
reach  a  minimum,  and  the  grain  remains  in  contact,  even  in  mid- 
winter, with  a  film  of  brine,  which  may  be  very  minute.  With 
n^ng  temperature  the  grain  begins  to  melt  at  the  temperature  at 
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which  it  ceased  to  freeze,  it  dilutes  the  brine,  and  raises  its  own 
melting  point.*  We  see,  tlien,  that  the  grain  of  the  glacier  may  be 
surrounded  in  summer  by  a  relatively  considerable  envelope  of  water 


*  The  following  passages  from  the  writer*8  paper  on  '  Ice  and  Brines,'  pp.  143-146, 
explain  this  in  greater  detaiL  *'  AU  natural  waters,  including  rain  water,  contain  some 
foreign  and  usually  saline  ingredients.  If  we  take  chloride  of  sodium  as  the  type  of 
such  ingrodients,  and  suppose  a  water  to  contain  a  quantity  of  this  salt,  equivalent  to 
one  part  by  weight  of  chlorine  in  a  million  parts  of  water,  then  we  should  have  a  solu- 
tion containing  0*0001  per  cent  of  chlorine,  and  it  would  begin  to  freeze  and  to  deposit 
pore  ice  at  a  temperature  of  —  0^*0001  C. ;  and  it  would  continue  to  do  so  until,  say, 
999,000  parts  of  water  had  been  deposited  as  ice.  There  would  then  remain  1000  parts 
of  residual  water,  which  would  retain  the  salt,  and  would  contain,  therefore,  0*1  per 
cent  of  chlorine,  and  would  not  freeze  untU  the  temperature  had  fallen  to  —  0^*1  C. 
This  water  would  then  deposit  ice  at  temperatures  becoming  progressively  lower,  until 
when  900  more  parts  of  ire  had  been  deposited,  we  should  have  100  parts  residual 
water,  or  brine,  as  it  might  now  be  called,  containing  1  per  cent,  of  chlorine  and 
remaining  liquid  at  temperatures  above  —  P'O  C.  When  90  more  parts  of  ice  had 
been  deposited  we  should  have  10  parts  of  concentrated  brine  containing  10  per  cent,  of 
chlorine  and  remaining  liquid  as  low  as  —  \3°  G.  In  the  case  imagined  we  assume  the 
saline  contents  to  consiht  of  NaCl  only,  and  with  further  concentration  the  cryohydrate 
would  no  doubt  separate  out  and  the  mass  become  really  solid.  On  reversing  the 
operations,  that  is,  warming  the  ice  just  formed,  we  should,  when  the  temperature  had 
riairB  to  about  —  13*^  C,  have  999,990  parts  of  ice  and  10  brine  containing  10  per  cent, 
of  rhlorine.  Now,  owing  to  the  remarkable  fact  that  pure  ice  in  contact  with  a  saline 
s(dution  melts  at  a  temperature  which  depends  on  the  nature  and  the  amount  of  the 
salt  in  the  solution,  and  is  identical  with  the  temperature  at  which  ice  separates  from  a 
sulution  of  the  same  composition  on  cooling,  the  brine  lique6es  more  and  more  ice  at 
progressively  rising  temperatures,  until,  as  before,  when  the  temperature  of  the  mass 
has  risen  to  —  0®*  1  C.  it  consists  of  999,000  parts  of  ice  and  1000  parts  of  liquid  water 
containing  1  part  of  chlorine.  The  remainder  of  the  ice  will  melt  at  a  temperature 
gnuiually  rising  from  -  0°1  to  0°-0  C. 

Watkb  Gontaikino  7  Pabts  Ghlobine  in  1,000,000. 


Trmp. 

Water  frofen. 

Ice  formed. 

Brine  remaining. 

Ice  and  Brine. 

HI 

cc 

C.C 

C.C. 

cc. 

T 

V, 

»i 

V2 

«j 

-6-OT 

99,0U0 

107.979 

1000 

108.979 

-••1« 

»MK) 

10H3  6 

700 

109,006 

-  0  IS 

99.533 

1 08,561 

467 

109,02H 

-  0-20 

99,6&il 

lOH.6d7 

350 

109,037 

-  0-40 

99,h25 

108,879 

176 

109.054 

**  In  this  table  are  given  the  volumes  occupied  by  the  ice  (with  inclosed  brine)  formed 
by  freezing  100,000  c.a  (at  0°  G.)  of  a  water  containing  chloride  of  sodium,  equivalent 
to  74(rms.  chlorine  in  1,000,000  cc  (at  0°  G.) 

*  The  plagUeity  of  ice  and  the  motion  of  glaciers  receive  a  simple  and  natural  ex- 
planation when  we  see,  as  in  the  table,  that  if  the  water  from  which  this  ice  is  produced 
oontains  no  more  than  7  parts  of  chlorine  per  million,  it  will  in  the  process  of  thawing 
when  the  temperature  has  risen  to  —  0°'07  G.  consist  to  the  extent  of  1  per  cent  of  its 
mass  of  liquid  brine  or  water.  The  water  considered  in  the  table  is  certainly  not  less 
free  hom  foreign  ingredients  than  rain  or  snow.  It  follows,  therefore,  that  a  glacier  in 
a  climate  where  the  temperature  is  for  the  greater  part  of  the  year  above  0°  G.  must 
have  m  tendency  to  Jlow,  owing  to  the  power  of  saline  solutions  to  deposit  ice  and  to 
doKklfe  it  ftt  temperatures  below  0^  G." 


92  THE  ANTARCTIC  MANUAL. 

of  comparative  purity  and  high  freezing-point,  while  in  winter  it  is 
surrounded  by  a  mere  film  of  brine  of  comparatively  low  freezing- 
point  TJie  difference  between  land  ice  and  sea  ice  is  one  of  degree  and 
not  of  kind.  Sea  ice  is  mixed  with  much  brine  and  flows  easily :  land 
ice  contains  little  brine  and  flows  loith  difficulty, 

A  ship  floats  in  the  smallest  basin  as  perfectly  as  in  the  largest 
ocean.  We  can  imagine  a  dock  being  built  round  a  ship,  and  so 
exactly  moulded  to  its  shape,  that  between  the  inner  surface  of  the 
dock  and  the  outer  surface  of  the  ship,  the  clearance  shall  be  so 
small  that  a  pitcher  of  water  poured  into  it  will  float  the  ship.  The 
floating  of  a  grain  in  the  inside  of  a  glacier  is  of  this  kind,  and  as 
it  is  enclosed  on  all  sides,  it  will  press  against  the  ice  above  it  in 
preference  to  that  beneath  it. 

This  feature  of  glacier  ice  permits  us  to  understand  how  glaciers 
can  move,  and  begin  to  move,  even  when  their  temperature  is  very 
low.  Before  von  Drygalski's  work  on  Greenland,  we  had  no  trust- 
worthy information  regarding  the  temperature  throughout  the  year 
of  the  inner  mass  of  the  ice  of  any  glacier.  He  carried  out,  at 
regular  intervals  of  time,  a  series  of  observations  of  the  temperature 
at  different  depths  below  the  surface  of  one  of  the  Greenland  glaciers, 
and  parallel  observations  within  the  ice  covering  a  neighbouring 
lake.  These  observations  showed  that  the  temperature  of  the  glacier 
increases  rapidly  from  the  surface  downward,  and  they  render  it 
probable  that  the  greater  part  of  the  thickness  of  a  Greenland  glacier 
is,  even  at  the  coldest  time  of  the  year,  at  or  near  the  ordinary 
temperature  of  melting  ice.*  The  heat  required  to  support  this 
tempei-ature  can  only  be  supplied  by  the  friction  of  the  grains  of 
the  ice,  called  into  being  by  the  motion  of  the  glacier.  The  inland 
ice  which  forms  the  great  reservoir  for  the  supply  of  the  glacier,  was 
found  to  have  little  or  no  appreciable  motion.  Series  of  temperatures 
were  not  taken  in  its  thickness,  but,  in  the  absence  of  motion,  we 
may  believe  that  the  very  low  temperature  at  its  surface  penetrates 
far  into  its  interior,  if  not  to  the  very  bottom.  If  the  motion  were 
dependent  only  on  the  lowering  effect  of  pressure  on  the  melting- 
point  of  pure  ice,  it  would  be  difficult  for  such  a  mass  of  ice  to  start 
when  it  arrives  at  an  outlet.  The  impurity  of  all  natural  water,  and 
the  effect  which  it  has  in  lowering  the  melting-point  of  ice  at 
ordinary  pressures,  remove  this  difficulty.  However  compact  and 
solid  the  blue  ice  may  look,  there  will  always  be  some  brine  between 
its  grains  which  will  permit  some  yielding  of  its  mass,  which  in  its 

*  CompAre  Hugi,  *  Ueber  das  Wesen  der  Gletscher  und  Winteireise  in  das  Einneer,* 
p.  51. 
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turn  will  produce  a  first  generation  of  heat;  this  will  produce  a 
farther  yielding,  and  in  due  course  a  further  generation  of  heat,  and 
the  effect  of  this  initial  agency,  when  combined  with  the  powerful 
effect  of  fusion  and  regelation  under  conditions  of  very  slight  varia- 
tion of  pressure,  is  the  extraordinary  rate  of  motion  observed  in 
the  glaciers  of  Greenland. 

It  has  been  pointed  out  that  the  whiteness  of  the  surface  of  a 
glacier  is  due  to  what  may  correctly  be  termed  sun  burning  or  sun 
weathering.  The  icebergs  which  are  met  with  at  sea  have  an  equaUy 
white  surface ;  but  where  the  interior  is  exposed,  either  in  crevasses  or 
in  caves  melted  out  by  the  waves,  the  deep  blue  colour  of  the  fresh 
ice  is  visible.  It  is  obvious  that  the  whole  of  the  surface  of  the 
glacier  which  is  immersed  in  water  at  greater  depth  than  that  to 
which  the  sun's  rays  can  penetrate  must  have  the  same  blue  colour, 
and  it  is  equally  obvious  that  when  an  iceberg  turns  completely  over, 
it  must  stand  out  as  an  intensely  deep  blue  mountain  of  ice  among  the 
multitude  of  sunburnt  white  ones.  On  one  of  the  fine  days  during 
the  sojourn  of  the  ChaUenger  in  Antarctic  waters,  a  striking  and  mag- 
nificent example  of  this  was  observed,  but  the  cause  of  the  blueness 
of  the  strange  berg  was  quite  unsuspected.  If  ice  were  collected  by 
bombardment  or  otherwise,  from  such  a  berg,  the  grain  would  be 
large  and  well  developed,  and  the  ice  would  be  quite  compact  and 
free  from  vesicles.  In  the  region  visited  by  Dr.  Arytowski,  the 
glaciers  and  the  icebergs  were  comparatively  small  and  of  an  Arctic 
character.  The  distribution  of  snow,  nhS,  and  ice  he  describes  as 
being  similar  to  that  in  the  Alps  at  a  height  of  3000  to  4000  metres. 
There  appeared  to  be  very  little  melting,  yet  the  glaciers  advanced 
steadily  towards  the  sea.  In  the  Challenger  the  writer  observed  at 
least  one  large  tabular  berg,  which  was  melting  freely  on  the  top, 
and  streams  were  cascading  down  the  sides.  In  Spitzbergen  the 
glacier  streams  often  take  large  proportions ;  it  will  be  interesting 
to  know  if  in  equally  high  Southern  latitudes  there  is  similar  melting 
under  the  influence  of  the  long  polar  day. 

The  Deiermikation  of  the  Temperature  of  Saturated  Steam, 
AND  the  Production  of  Higher  Fixed  Temperatures  bt 

THE     C!0NDENSATI0N     OF     STEiM     ON     SaLTS     AND    IN    SaLINE 

Solutions.  * 

The  method  of  determining  the  pressure  of  the  atmosphere  by 
the  temperature  of  saturated  steam  has  for  some  time  ceased  to  be 

*  Ghieflj  a  reprint  of  an  artide  with  the  aboie  title  in  the  SooUuh  MiUaniogiaU 
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in  common  use.  Yet  it  is  one  which  is  very  simple  in  its  practice 
and  accurate  in  its  results.  In  the  course  of  an  investigation  into 
the  boiling-points  of  aqueous  solutions,  the  ■writer  had  frequent  occa- 
sion to  determine  the  boiling-point  of  pure  water,  or,  more  properly, 
the  temperature  of  saturated  steam  at  the  barometric  pressure  of  the 
moment;  and  he  has  arrived  at  a  form  of  apparatus  which  gives  this 
with  great  exactness  and  constancy,  no  matter  how  delicate  the 
thermometer  used  may  be. 

D  The  instmrnent  generally  used  for  fixing  or 

^  verifying  the  boiling-point  of  a  thermometer  ia 

s^^ — — ^     that  of  Regnawlt,  which  is  described  and  figured 
■f  in  nearly  every  treatise  on  physics,  e.g.  Balfour 

Stewarii's  '  Lessons  in  Elementary  Physics,'  1870, 
p.  151.  For  thermometers  having  their  boiling- 
point  not  too  near  the  bulb,  this  instrument  gives 
fairly  trustworthy  results.  There  are,  however, 
several  disadvantages.  First,  the  stem  of  the 
thermometer  is  not  wholly  immersed  in  the  steam, 
and  there  is  uncertainty  about  the  tempera- 
ture of  the  mercury  in  the  portion  of  the  stem 
inside  the  cork  and  projecting  beyond  it.  It  is 
disadvantageous  and  unnecessary  to  make  the 
steam  space  of  the  apparatus  of  metal,  and  to 
dispose  it  in  the  form  of  an  inner  space  and  sur- 
rounding jacket.  The  want  of  transparency  of 
the  metal  is  an  obvious  disadvantage,  and  the 
jacketing  is  unnecessary,  because  the  latent  heat 
of  steam  is  so  great,  that,  with  the  supply  of  it 
which  the  boiler  of  Regnault'a  apparatus  can 
furnish  with  any  efficient  lamp,  a  steam  vessel  of 
single  envelope,  under  ordinary  conditions,  cannot 
be  cooled  by  even  a  fraction  of  a  degree  below 
the  temperature  of  saturated  steam  correspond- 
ing to  the  existing  barometric  pressure.  Any 
cooling  of  the  outside  surface  of  the  envelope  is  stopped  at  once  and 
perfectly  by  the  film  of  water  continually  descending  along  its  inner 
surface,  while  the  inner  surface  of  the  film  ia  freely  exposed  to  an 
abundant  supply  of  saturated  steam. 

The  object  of  the  experiment  is  to  produce  an  atmosphere  of  saturated 
steam,  the  tension  of  which  is  equal  to  the  pressure  of  the  atmosphere, 
and  to  have  a  trustworthy  thermometer  so  immersed  in  it  that  it 
assumes,  and  retains  without  variation,  the  temperature  of  the  steam. 


-/     ■    il 
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For  this  purpose  the  supply  of  steam  must  be  ample,  while  its  means 
of  escape  into  the  atmosphere  must  be  so  free  that  no  rise  of  pressure, 
due  to  over-supply  of  steam,  can  be  produced.    The  steam,  which  is 
condensed  on  the  walls  of  the  steam  tube,  should  run  freely  back  into 
the  flask  without  collecting  at  the  bottom  of  the  wide  part  of  the  steam 
tube.    Therefore  the  tube  making  the  connection  with  the  boiling  flask 
must  be  pretty  wide ;  and  the  exit  tube  from  the  steam  vessel  must  be 
a  trifle  wider  still.     Of  the  steam  which  enters  the  tube,  part  is  con- 
densed on  the  walls  and  keeps  them  at  constant  temperature,  and  the 
remainder  passes  away  in  a  stream  of  good 
volume  through  the  exit  tube.    With  very 
Uttle  attention   to   the   construction   and 
management  of  the  apparatus,  every  risk  of 
cooling  from  without  or  heating  from  within 
is  completely  avoided* 

Description  of  the  Apparatus. — A  general 
view  of  the  apparatus  is  see|^  in  Fig.  1.  It 
consists  of  four  parts :  the  lamp  A,  the 
steam  generator  B,  the  steam  vessel  or 
distilling  tube  C,  and  the  thermometer 
D.  The  lamp  shown  is  one  of  a 
French  pattern,  sold  with  the  Ridiaud  a 
doiMe  Jlamme  forcie  of  smallest  size.  It 
holds  about  250  c.c.  of  spirit,  and  gives  a 
flame  powerful  enough  to  work  a  much 
larger  flask.  The  steam  generator  B  is  a 
flask  made  of  spun  copper,  and  of  500  c.c 
capacity.  A  suitable  charge  is  300  c.c.  of 
water.  With  such  a  charge,  and  heated  by 
the  French  lamp,  the  water  boiled  in  six 
minutes  at  an  expense  of  12  grms.  of  spirit. 
While  keeping  steam  at  the  rate  suitable 
for  the  experiment  the  lamp  consumed  21  grms.  of  spirit  in  fifteen 
minutes,  and  evaporated  92  grms.  of  water.  It  is  obvious  that 
where  gas  is  available  a  gas  lamp  may  be  used. 

A  very  convenient  lamp,  especially  for  work  out  of  doors,  is 
the  Swedish  lamp  for  burning  petroleum  or  parafi&n  oil  under  pressure, 
and  with  a  blue  flame.  It  is  particularly  useful  when  larger  steam 
generators  are  used,  such  as  the  metal  flasks  made  for  the  Napier's 
oofiee  machines,  used  in  restaurants.  One  of  the  ordinary  size 
holds  2  litres,  and  is  a  most  useful  article  both  in  the  camp  and  the 
laboratory. 
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Another  and  very  convenient  form  of  eteam  generator  -is  ahova 
in  Fig.  3.  A  is  a  tubulated  bell-ehaped  vessel  of  tinplate,  which 
passes  inside  the  slightlj  larger  receiver  B,  which  holds  the  water  to 
he  boiled.  The  rest  of  the  apparatus  is  the  same  as  in  Fig,  1.  This 
form  of  steam  generator  has  many  advantages,  and  in  travelling  the 
lamp  can  be  stowed  inside  it. 

The  most  important  part  of  the  apparatus  is  the  steam  tube  or 
vessel  C.    The  foUowing  are  the  dimensions  of  one  which  has  been 
a  good  deal  in  use  (Fig.  4). 

The  wide  part  (a)  is  160  mm.  long,  and 
41  mm.  in  diameter.  The  part  (6)  makii^  connec- 
tion with  the  steam  generator  is  60  mm.  long,  and 
9  ■  5  mm.  wide.  The  upper  portion  (o)  is  110  mm. 
long,  and  15  mm.  wide ;  and  the  exit  tube  (d)  is 
50  mm.  long,  and  10  nun.  wide.  It  is  connected 
with  the  flask  by  means  of  a  well-fitting  cork,  which 
is  preferable  to  indiarubber  as  it  dpes  not  adhere 
to  the  hot  metal.  From  the  above  measurements  it 
results  that  the  internal  volume  of  the  whole  tube 
is  239  c.c,  and  its  internal  surface  is  291*5  sq.  cm. 
The  weight  of  the  tube  is  109  grms. ;  and  if 
its  specific  heat  be  0*2,  the  weight  of  water 
thermally  equivalent  to  it  is  21*8  grms. 

These  dimensions  are  suitable  for  the  thermo- 
meter which  was  used.  The  length  of  the  tube  has 
to  be  suited  to  each  thermometer.  For  mountain 
work  the  thermometer  should  be  graduated  &om 
85°  C.  to  101°  C.  and  should  be  divided  into  tenths 
of  a  degree,  the  space  between  each  division  being 
about  a  millimetre,  so  that  the  length  of  the  scale 
would  be  16  cm.,  and  that  of  the  whole  ther- 
mometer about  20  cm.  It  is  convenient  also 
to  have  a  thermometer  divided  into  fiftieths  of  a 
d^tee.  It  is  essential  that  the  thermometer  be 
read  entirely  in  the  steam.  If  any  part  of  the  mercury  extends  out- 
side of  the  apparatus,  it  introduces  an  uncerteinty  which  stultifies  the 
use  of  very  delicate  instruments.  Whatever  the  size  of  the  tnbe 
may  be,  it  is  essential  to  see  that  aU  the  parts  are  sufficiently 
wide  and  properly  proportioned ;  there  must  be  no  resistance  any- 
where to  the  passage  to  the  steam.  The  lamp  should  be  ref- 
lated to  keep  up  a  brisk  flow  of  steam  of  good  volume  through  d. 
The  thermometer  then  finds  itself  immersed  in  saturated  steam  of 
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atmospheric  pressure  contained  in  a  vessel,  the  outer  surface  of 
which  is  glass,  but  the  inner  surface  is  a  film  of  water  con- 
tinuallj  renewed  by  steam  condensing  on  it.  So  long  as  the  full 
supply  of  steam  is  kept  up,  this  continually  renewed  film  of  water, 
in  contact  with  saturated  steam,  is  a  perfect  protection  against  varia- 
tion of  temperature  in  the  interior  of  the  steam  tube.  When  the 
steam  first  passes  through  the  tube  there  is  rapid  condensation  on 
the  sides,  and  after  that,  on  the  thermometer,  from  which  the  water 
falls  in  a  series  of  drops,  which  follow  each  other  first  slowly,  then 
rapidly,  then  again  more  slowly,  until,  finally,  a  drop  remains  hang- 
ing from  the  lower  extremity  of  the  thermometer,  and  never  falls. 
By  that  time  the  protecting  film  of  water  has  established  itself  on 
the  sides  of  the  tube,  and  effectually  guards  the  thermometer  from 
external  influence.  If  it  were  possible  for  the  temperature  of 
the  thermometer  to  fall  ever  so  little  below  that  of  the  condensing 
temperature  of  the  saturated  steam  in  the  tube,  its  temperature 
would  be  immediately  restored  by  the  condensation  of  some  of  the 
steam  on  the  water  which  moistens  its  surface.  If  its  temperature 
were  to  rise  ever  so  little  above  the  condensing  temperature  it  would 
be  immediately  brought  back  again  by  the  evaporation  of  some  of 
the  moisture  on  it.  Consequently,  when  the  boiling  is  in  full 
operation,  the  thermometer  is  exactly  at  the  temperature  when  the 
smallest  possible  increase  of  heat  will  cause  evaporation,  and  the 
smallest  possible  decrease  of  heat  will  cause  condensation.  But  the 
hoUing^poirU  of  a  substance  is  the  temperature  at  which  it,  as  a  vapour, 
condenses  on  itself  as  a  liquid,  and  as  a  liquid  evaporates  into  itself  a^ 
a  vapour.  Therefore,  the  temperature  of  the  thermometer  is  exactly 
the  boiling  temperature  of  the  water.  Further,  the  whole  enclosure 
is  guarded  by  a  surface  of  water  in  contact  with  saturated  steam,  so 
that  its  walls  are  necessarily  also  at  the  boiling  temperature  of  the 
liquid,  and  it  is  impossible  that  the  thermometer  can  be  at  any  other 
temperature  than  that  of  the  boiling  liquid  and  condensing  vapour. 
It  follows,  therefore,  that  for  this  purpose  we  may  graduate  our 
diermometer  into  thousandths  of  a  degree,  if  we  choose,  and  it  is 
quite  certain  that  the  temperature  of  the  thermometer  will  not  differ 
by  that  amount  from  that  of  the  medium.  During  an  operation  the 
steam  tube  is  the  ideal  enclosure  at  constant  temperature.  When 
the  thermometer  has  taken  the  temperature  of  the  steam,  it  remains 
perfectly  steady  so  long  as  the  barometric  pressure  remains  the  same. 
As  evidence  of  the  efficiency  of  the  steam  tube,  the  rate  of  gene- 
ntion  of  steam  was  varied  from  the  highest  to  the  lowest  which  was 
possible  with  the  lamp.    The  thermometer  divided  into  Ml\et\is  ol  ^ 
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degree  Centigrade  wa,8  used,  and  the  mercury  stood  at  100** '18 ;  that 
is  the  top  of  the  mercury  was  exactly  in  line  with  the  centre  of  the 
division  on  the  stem  marking  100° '18  C.  It  occupied  this  position 
when  steam  was  being  generated  at  its  highest  rat^e  of  8  •  4  grammes 
per  minute,  and  never  varied  by  a  fraction  of  the  width  of  a  division 
line  until  the  rate  of  steam  generation  had  been  brought  so  low  that 
it  issued  as  an  exhalation,  and  not  a  stream.  The  rate  was  then  2 '5 
grammes  per  minute,  and  the  top  of  the  mercury  fell  to  the  lower 
edge  of  the  line  meu^king  100°*  18  C,  which  may  be  taken  to 
represent  a  temperature  of  100°*  179  C. 

In  this  experiment  the  rate  of  passage  of  steam  was  varied  from 
2 '5  to  8*4  grammes  per  minute,  or  over  three-fold,  and  it  produced 
no  effect  on  the  thermometer;  therefore,  the  exit  tube  efficiently 
removed  whatever  amount  of  steam  entered  it,  and  ofiered  no  sensible 
resistance  to  it.  No  better  evidence  than  this  could  be  furnished 
of  the  perfect  efficiency  of  the  instrument  for  the  purpose  for  which 
it  was  desigped. 

With  regard  to  the  relative  advantages  of  the  thermometer 
and  the  barometer  in  hypsometric  work,  this  thermometer  may 
be  taken  as  an  example.  It  is  divided  into  fiftieths  of  a  Celsius 
degree,  the  length  of  the  degree  being  35  mm.  The  tension  of 
saturated  vapour,  of  100°  C,  is  760  mm.,  and  of  99°  C,  it  is 
733 '305  mm.  giving  a  difference  of  26*695  mm.  pressure  for  a 
difference  of  1°  C.  temperature.  Thus,  26  •  7  nmi.  on  the  barometer 
are  represented  by  35  mm.  on  the  thermometer.  Converting  the 
readings  of  the  thermometer  into  the  corresponding  ones  of  the 
barometer,  each  division  would  correspond  to  about  half  a  millimetre. 
At  lower  pressures  the  effect  of  change  of  pressure  on  the  temperature 
of  saturation  is  greater,  and  at  higher  pressures  it  is  less.  Thus, 
from  Eegnault's  experiments,  we  have  the  difference  of  pressure 
which  causes  a  difference  of  1°  C.  in  the  temperature  of  saturated 
steam  at  different  parts  of  the  scale,  as  follows : 

Table  IV. — Giyino  the  Temperature  (Celsius)  of  Saturated  Steam  T,  at  the 
Pressure  P,  and  th»  Difference  of  Pressure  D  oorresponding  to  P  C.  Difference 
of  Temperature  of  Saturation. 


T 

P 

D 

T 

P 

D 

T 

P 

D 

•a 

0 

mm. 
4-600 

0-335 

oc. 

50 

mm. 
91-982 

mm. 
4-483 

©C. 
140 

mm. 
2,717-63 

mm. 
76-19 

10 

9- 165 

0-591 

60 

148-791 

6-776 

160 

4,651-62 

117-26 

20 

17-391 

1045 

80 

354-643 

14-155 

180 

7.646-39 

171-87 

30 

31-548 

1-766 

100 

760-000 

26-695 

200 

11,688*96 

241*50 

40 

J 

54-906 

2-867 

120 

1,491-280 

46-730 

220 

17,390-36 

327*07 
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This  table  shows  how  rapidly  the  tension  of  saturated  steam  rises, 
as  compared  with  its  temperature.  It  also  shows  that  the  lower  the 
tension  of  the  steam,  the  more  efficient  is  the  thermometer  for  indi- 
cating it.  But,  for  hypsometric  purposes,  it  must  be  remembered 
that  the  higher  we  climb  on  a  moimtain  the  greater  is  the  height 
required  to  produce  a  given  fall  of  the  barometer. 

That  these  two  effects  very  nearly  compensate  each  other  is  shown 
in  Tables  V.  and  VI.,*  which  give  the  temperature  of  boiling 

Tabli  v. — OrviNO  thb  Tension  of  Satubated  Steam  in  MilHmotres  and  InohcB,  and 
the  CoRBBSFONDiNO  HEIGHTS  ABOVE  THB  Sba  Iq  MetTOs  and  Feet,  for  Txmpbba- 
TCEEs  iu  Cblsius  degrees. 


T«Bp^- 

ratweof 

htunM 

BMometrlc  Pmsnre. 

Height  above  Sea-Lerel. 

MllUmHiM. 

iDCh^t. 

Metres 

Feet. 

85 

4330 

•  • 

17  05 

•  • 

4495 

•  • 

14,750 

•  • 

86 

450-3 

17-3 

17-73 

0-68 

4182 

313 

13,734 

1016 

87 

468-2 

17-9 

18-43 

0-70 

3871 

311 

12,724 

1010 

88 

486*6 

18-4 

19-16 

0-73 

3562 

309 

11,718 

1006 

89 

505-7 

191 

19-91 

0-75 

3255 

307 

10,717 

1001 

90 

525-4 

19-7 

20-69 

0*78 

2950 

305 

9,720 

997 

91 

545-7 

20-3 

21-48 

0*79 

2647 

303 

8,728 

992 

92 

566-7 

21-0 

22-31 

0-83 

2345 

302 

7,740 

988 

93 

588-3 

21-6 

2316 

0-85 

2045 

300 

6,757 

983 

9i 

610-7 

22-4 

2404 

0-88 

1747 

298 

5,778 

979 

95 

633-7 

230 

24-95 

0-91 

1451 

296 

4,804 

974 

96 

657-4 

23-7 

25*88 

0-93 

1157 

294 

3,834 

970 

97 

681*9 

24-5 

26-85 

0-97 

865 

292 

2,869 

965 

98 

707-2 

25-3 

27-84 

0*99 

575 

290 

1,908 

961 

99 

733-2 

26-0 

28-87 

1*03 

287 

288 

952 

956 

100 

760- 0 

26-8 

29-92 

1-05 

0 

287 

0 

952 

water  in  Celsius  degrees  in  Table  V.,  and  in  Fahrenheit  degrees  in 
Table  VI.,  and  the  barometric  pressure,  in  inches  and  millimetres, 
which  is  equal  to  the  tension  of  saturated  steam  at  the  particular 
temperature,  with  the  height  above  the  sea,  in  metres  and  feet,  at 
which  this  barometric  pressure  would  be  found  in  a  still  dry  atmo- 
sphere at  the  temperature  of  melting  ice.  It  will  be  seen  that 
throughout  a  range  of  4500  metres,  or  15,000  feet,  a  depression  of 
the  boiling-point  by  1°  C.  corresponds  very  closely  to  an  ascent  of 
300  metres,  or  1000  feet.     If  the  column  of  differences  of  the  baro- 

*  These  tables  are  compiled  from  Tables  20,  25,  33  and  34  of  the  Smithaouiaa 
Ustscwlugiual  Tablet,  1893.    No.  844  of  the  Smithsonian  MiaoeUaneoni  CoWw^Uoik^. 
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Table  VI.— GrviNa  ths  Tension  op  Baturated  Steam  in  Millimetres  and  iDcbes, 
aTid  the  Corresponding  Heights  above  the  Sea  Id  Metres  and  Feet,  for 
Temperatures  in  Fahrenheit  degrees. 


Tempe- 
rature of 

Barometrlo  Presnm. 

Height  ahove  Sea-LeveL 

• 

Satorated 
Steam. 

Inches. 

Millimeiret. 

Metree. 

Feet. 

opahr. 
185 

17-05 

•  • 

433 

•1 

•  • 

4653 

•  • 

15,267 

•  • 

186 

17-42 

0-37 

442 

•5 

9-4 

4476 

177 

14,681 

583 

187 

17-81 

0  39 

452 

•4 

9-9 

4292 

134 

14,082 

602 

188 

18-20 

0-39 

462 

-3 

9-9 

4113 

179 

13,493 

589 

189 

18-59 

0-39 

472 

-2 

9-9 

3937 

176 

12,917 

576 

190 

19-00 

0-41 

482 

-6 

10-4 

3756 

181 

12.324 

593 

191 

19-41 

0-41 

493 

•0 

10-4 

3580 

176 

11,744 

580 

192 

19-82 

0-41 

503 

-4 

10-4 

3406 

174 

11,175 

569 

193 

20-25 

0-43 

514 

•4 

11-0 

3228 

178 

10,592 

583 

194 

20*68 

0-43 

525 

-3 

10-9 

3054 

174 

10,021 

571 

195 

21-13 

0-45 

536 

•7 

11*4 

2876 

178 

9,436 

585 

196 

21-58 

0-45 

548 

•1 

11-4 

2701 

176 

8,863 

573 

197 

22-03 

0-45 

559 

•6 

11-5 

2530 

171 

8,302 

561 

198 

22-50 

0-47 

571 

•5 

11-9 

2355 

175 

7,728 

574 

199 

22-97 

0-47 

583 

•4 

11-9 

2184 

171 

7,166 

562 

200 

23-45 

0-48 

595 

■6 

12-2 

2013 

169 

6,604 

562 

201 

23-94 

0-49 

608 

1 

12-5 

1842 

171 

6,042 

562 

202  • 

24-44 

0-50 

620 

■8 

12-7 

1670 

172 

5,480 

562 

203 

24-95 

0-51 

633 

•7 

12-9 

1499 

171 

4.919 

561 

204 

25-46 

0-51 

646 

•7 

130 

1332 

167 

4,369 

550 

205 

25-99 

0-53 

660 

1 

13-4 

1161 

171 

3,809 

560 

206 

26-52 

0-53 

673- 

6 

13-5 

994 

167 

3,260 

549 

207 

27-07 

0-55 

687' 

3 

13-7 

824 

170 

2,703 

557 

208 

27-62 

0-55 

701- 

5 

14-2 

657 

167 

2,156 

547 

209 

28-18 

0-56 

715- 

8 

14-3 

491 

166 

1,610 

546 

210 

28-75 

0-57 

730- 

3 

14-5 

325 

166 

1,066 

544 

211 

29-33 

0-58 

745- 

0 

14-7 

160 

165 

523 

432 

212 

29-92 

0-59 

760- 

0 

15-0 

0 

160 

0 

523 

meter  be  inspected,  it  will  be  seen  that  the  diminution  of  pressure 
for  a  given  increase  in  altitude  has  fallen  at  4500  metres  w  nearly 
one-half  of  what  it  is  at  the  sea-level.  Hence  the  efficiency  of  the 
thermometer  as  a  hypsometric  instrument,  compared  with  that  of 
the  barometer,  increases  steadily  with  the  altitude,  so  that  for  the 
greatest  altitude  the  thermometer  is  the  preferable  instrument 

Fioced  Temperatures  produced  hy  Steam  in  contact  with  Salt  and 
Saline  Solutions. — At  the  same  atmospheric  pressure,  the  tension  of 
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the  vapour  of  water  is  reduced,  not  only  by  lowering  its  temperature, 
but  also,  while  the  temperature  is  kept  constant,  by  dissolving  any 
salt  in  it  The  tension  of  the  vapour  of  pure  water  at  100°  C.  is 
760  mm.  If  a  small  quantity  of  common  salt  or  chloride  of  sodium 
be  dissolved  in  it,  the  tension  of  its  vapour  is  no  longer  760  mm. 
at  100°  C. ;  it  is  necessary  to  raise  it  to  a  higher  temperature  in 
order  that  its  vapour  may  attain  this  tension.  In  proportion  as  more 
salt  is  added  to  the  water,  the  higher  is  it  necessary  to  raise  the 
temperature  of  the  water,  or  rather  the  resulting  saline  solution,  in 
order  to  attain  a  tension  of  760  mm.  But  there  is  a  limit  to  the 
amount  of  salt  which  water  can  dissolve  when  boiling  under  a  given 
pressure.  When  this  amount  has  been  added  and  dissolved,  the 
solution  is  saturated  and,  so  long  as  the  atmospheric  pressure  remains 
the  same,  it  is  impossible  to  raise  its  boiling-point  any  higher.  If 
heat  is  supplied,  so  as  to  keep  the  solution  boiling,  steam  escapes 
from  its  surface,  and  crystals  of  salt  separate  out  in  the  solution. 
The  condition  of  the  boiling  solution  is  now  precisely  analogous  with 
that  of  the  freezing  solution  when,  in  the  process  of  cooling,  the 
cryohydric  temperature  and  concentration  have  been  reached.  The 
temperature  of  the  boiling  solution  remains  constant,  and  steam  and 
salt  quit  it  jmri  passu.  In  the  freezing  solution  the  salt  and  ice  are 
both  solid,  and  remain  associated  in  the  cryohydrate.  In  the  boiling 
solution  the  salt  is  solid  and  the  steam  is  gaseous,  and  they  part 
company  of  themselves. 

The  fact  that  steam  produced  by  water  boiling  at  100°  C,  which 
under  ordinary  circumstances  can  produce  by  its  condensation  no 
higher  temperature  than  that  at  which  it  was  generated,  should  be 
able  to  raise  the  temperature  of  saline  solutions  many  degrees  above 
this  temperature,  appears  at  first  sight  paradoxical,  and  it  was,  in 
fact,  largely  disbelieved,  in  spite  of  the  simplicity  of  the  experiment 
to  demonstrate  it. 

In  a  paper  already  referred  to,  the  use  of  ice  melting  in  saline 
solutions  of  definite  nature  and  strength  was  strongly  recommended 
as  affording  an  absolute  thermometric  scale  for  such  temperatures. 
Extending  these  researches  to  steam  and  brines,  the  writer  found 
that  the  condensation  of  steam  in  saline  solutions  could  be  used  for 
fixing,  or  verifying,  temperatures  above  the  boiling-point  of  water. 
Also  steam  water,  and  salt  can  be  used  to  form  boiling  mixtures, 
exactly  as  ice,  water,  and  salt  are  used  to  form  freezing  mixtures ; 
and  an  independent  and  absolute  thermometric  scale  is  produced 
for  high  temperatures,  just  as  with  ice  we  have  one  for  low 
temperatures. 
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These  melting  and  condensing  temperatures  are  intended  to  give 
fixed  points  of  reference  on  the  thermometer  below  the  ordinary 
freezing-  and  above  the  ordinary  boiling-point,  and  they  can  be 
chosen  to  suit  the  work  in  hand.  Thus,  if  work  is  being  done  where 
temperatures  about  108^  or  109^  G.  are  to  be  measured  with  the 
accuracy  which  is  demanded  of  a  thermometer  on  which  the  Centi- 
grade degree  occupies  a  length  of  one  or  perhaps  two  centimetres,  it 
is  not  sufficient  to  verify  the  ordinary  boiling-point,  because  the  part 
of  the  scale  of  the  thermometer  used  may  be  ten  or  fifteen  centi- 
metres distant  from  it,  and  to  verify  the  scale  by  careful  calibration 
entails  great  labour.  It  is,  however,  very  simple  to  expose  the 
thermometer  in  a  vessel  of  the  form  about  to  be  described  to  the 
action  of  steam  condensing  in  a  mixture  of  common  salt  and  brine, 
which  gives  a  perfectly  fixed  temperature  at  a  given  barometric 
pressure.  And  these  conditions  can  be  reproduced  at  any  future 
time,  and  the  readings  of  the  thermometer  in  the  immediate  neigh- 
bourhood of  this  fixed  temperature  can  thus  be  verified  as  accurately 
as  if  they  had  been  as  near  to  the  ordinary  boiling-point  of  distilled 
water. 

For  temperatures  above  the  boiling-point  of  water  it  is  convenient 
to  use  "  boiling  mixtures/'  where  the  dry  salt  is  put  in  a  suitable 
vessel  holding  a  thermometer,  and  the  steam  is  blown  through  it 
until  the  bulb  of  the  thermometer  is  immersed  in  a  boiling  mixture 
of  brine  and  solid  salt,  and  the  stem  is  immersed  in  its  steam. 

One  of  the  most  convenient  salts  for  this  purpose  is  chloride  of 
sodium,  on  account  of  its  almost  uniform  solubility  at  different  tem- 
peratures. At  ordinary  atmospheric  pressure  it  raises  the  condensing 
point  of  steam  by  8** '4  C,  or  15°*1  Fahr.  If  a  weighed  quantity  of 
salt  has  been  used  and  the  apparatus  has  been  also  weighed,  then 
by  continuing  to  blow  in  steam  after  all  the  salt  has  been  dissolved, 
and  weighing  the  apparatus  when  the  temperature  has  fallen  to 
certain  definite  degrees,  a  series  is  obtained  of  the  temperatures  at 
which  steam  condenses  in  solutions  containing  definite  amounts  of 
salt.  This  has  been  done  for  a  number  of  salts.  It  is  a  much 
more  accurate  way  of  determining  the  boiling-point  of  a  solution 
than  by  boiling  it  over  a  lamp  flame.  This  holds  generally.  To 
determine  the  boiling-point  of  a  liquid  it  shotdd  be  boiled  by  its 
own  steam. 

The  apparatus  used  is  shown  with  the  boiling  flask  and  lamp  in 
Fig.  2.    The  steam  tube  is  U-shaped;  the  one  leg  has  a  large  body,  * 
C  B,  15  cm.  long  and  4  cm.  wide.    This  is  continued  upwards  in 
the  tube  A  C,  which  is  15  cm.  long  and  12  mm.  wide.    The  exit 
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tabe  D  has  an  internal  diameter  of  7  mm.,  and  the  entiy  tube  £ 
has  alao  7  mm.  diameter,  or  slightly  leas.  The  dry  salt  is  iatro- 
daced  into  C  6;  the  thennometer  passes  through  a  cork  at  A,  and 
the  bulb  is  covered  by  the  Bait  at  the  bottom  of  C  B.  The  tube 
is  then  weighed.  It  is  then  connected  with  the  steam  generator 
and  steam  blown  through,  which  in  a  few  minutes  produces  a  magma 
of  boiling  brine  mixed  with  salt,  while  the  thermometer  takes  the 
maximum  temperature,  and  retains  it  until  the  solid  salt  approaches 
complete  aolution. 

The  graduation  of  the  thermometer  thus  receivea  a  useful  check 
at  this  part  of  the  scale.    If  it  is  wished  to  verify  the  thermometer 


Fy.i 


at  any  temperature  intermediate  between  100°  C.  and  108'''4  C, 
steam  can  be  passed  through  until  the  temperature  of  the  boiling 
solution  has  fallen  to  the  degree  wished,  and  by  weighing  the 
apparatus,  or  determining  the  chlorine,  the  amount  of  steam  con- 
densed is  found ;  and,  as  that  of  the  salt  is  known,  the  strength  of 
the  solution,  which  boils  at  this  particular  temperature,  under  the 
observed  barometric  pressure,  is  obtained,  and  that  temperature  can 
always  be  again  recovered  independently  of  the  thermometer  with 
which  the  original  observation  was  made. 

The  elevation  of  the  boiliug-point  of  a  saturated  solution  of  a  salt 
above  that  of  pure  water  is  affected  by  the  barometric  pressure.    For 
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chloride  of  sodium  the  rise  may  amount  to  as  much  as  8^*45  C.  at 
the  sea-level ;  and  in  the  course  of  experiments  made  in  Switzerland 
it  has  been  found  to  fall  to  8^*0  C.  at  a  height  of  2770  metres  above 
the  sea.  If,  however,  we  represent  by  t  the  boiling  temperature  of 
the  saturated  solution^  and  T  the  boiling-point  of  pure  water  at  P, 
the  barometric  pressure  at  the  moment :  then,  if  p  be  the  barometric 
pressure  under  which  pure  water  would  boil  at  temperature  t,  the 
ratio  p :  P  appears  to  be  constant,  and  equal  to  1  *  345. 


Table  VII. — Grvma  the  Boilin<}  Tsmfebatube  or  Pure  Water,  and  the  Tbmpbra- 

TTTREOF  A  BoiLINQ  MIXTURE  OF  StEAM  AND  CHLORIDE  OF  SoDIUM,  tot  BaXOmetrio 

PresBuies  between  550  and  770  MUlimetres. 


BtroiDOtrie 
I'reatnn. 

Temptratnre  of 

Sfttunted 

Steam. 

Tension  of  Saturated 

Steam  of 

Temperature  t. 

Temperatare  of 

Rolling 

Mistnre. 

BlM  of  Boiling- 
Point  of 

Satoiated  Naa 
Brine. 

F. 

T. 

I>=1*S45P. 

i. 

t— T. 

MllUnutnt 

"a 

MllUmetres 

«C. 

•a 

770 

100-37 

1035*6 

108-89 

8-51 

760 

10000 

1022-15 

108-50 

8*50 

750 

99-63 

1008-7 

108*11 

8-48 

740 

99-26 

995-25 

107*72 

8*46 

730 

98*88 

981-8 

107*32 

8-44 

720 

98-49 

968-35 

106*92 

8-43 

710 

98-11 

954-9 

106*51 

8*40 

700 

97-71 

941-45 

106-10 

8*39 

690 

97-32 

928-0 

105-68 

8-36 

680 

96-92 

914-55 

105-26 

8*84 

670 

96-51 

901*1 

104-83 

8*32 

660 

96-10 

887*65 

104*40 

8-30 

650 

95-68 

874*2 

103*96 

8-28 

640 

95-26 

860-75 

103*51 

8-25 

630 

94*83 

847-3 

103*07 

8-24 

620 

94-40 

833-85 

102*61 

8-21 

610 

93-96 

820*4 

102*15 

8*19 

600 

93-51 

806-95 

101*68 

8-17 

590 

93-06 

793*5 

101-21 

8-15 

580 

92-60 

780*05 

100*73 

8'13 

570 

92-13 

766*4 

100*24 

8-11 

560 

91-66 

753-15 

99*75 

8*09 

550 

91  18 

739-7 

99*24 

8-06 

In  Table  VII.  we  find  the  bsurometric  pressure  (P),  given  for  every 
tenth  millimetre-  from  770  to  550  mm.,  and  the  corresponding  tem- 
perature of  saturated  steam  (7) ;   under  (t)^  the  temperature  of  a 
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boiling  mixture  of  steam  and  NaCl  under  the  barometric  pressure 
(P) ;  under  /?  (  =3  1  *  345  P\  the  calculated  tension  of  saturated  steam 
of  temperature  t ;  and  under  t — T,  the  excess  of  boiling-point  of 
saturated  NaCl  solution  above  that  of  pure  water  under  the  given 
pressure.  This  table  gives  figures  which  agree  closely  with  the 
results  of  the  writer's  observations  in  Switzerland  at  nine  different 
altitudes,  varying  from  400  to  2773  metres.  It  appears  that  the 
alteration  in  the  solubility  of  NaCl  between  the  temperatures  91^  C. 
and  100^  C.  is  so  slight  that  the  relative  depression  of  vapour  tension 
is  not  sensibly  affected. 

The  practical  value  of  these  results  is  that,  if  a  thermometer  be 
exposed  to  the  action  of  pure  saturated  steam,  and  to  a  boiling 
mixture  of  steam  and  NaCl,  and  the  temperature  noted  in  each  case, 
the  difference  of  these  temperatures,  compared  with  the  tabular 
value  of  t — T  for  the  existing  barometric  pressure,  furnishes  a  direct 
and  easily  applied  control  of  the  graduation  of  the  thermometer  over 
the  observed  range. 


Tabu  Yin. — Giyimo  the  Babombtbio  Pbbssurb  at  wmoH  a  Bou.imo  Mcltubb  of 
8tbam  and  Ghlobidb  of  Sodium  has  a  certain  Temferatubb  ;  the  Limits  of 
Tempemtnre  being  109^  and  99''  0. 


Teuipmtiire  of 

BoUing 

Ulxtnre: 

ButxiMtiic 
PreMurt. 

PrcMnre 

oorrespoDding  to 

a  dlfnrcDoe  of 

0-l»C. 

Tempentareof 

Boiling 

MUlure. 

Barometrie 
Pranare. 

Preflsure 

correm)oodlog  to 

a  difrereooe  of 

0-l«C. 

t 

P 

dp 

t 

P 

dp 

0 

109 

108-5 

108 

107-5 

107 

106-5 

106 

105-5 

105 

104-5 

104 

773-4 
760-2 
747-4 
784-9 
722-4 
710-2 
698-0 
6861 
674-2 
662-5 
650-9 

•  • 

2-60 
2-40 
2-50 
2-50 
2-44 
2-44 
2-3S 
2-38 
2-34 
2-32 

o 
104 

103-5 

103 

102-5 

102 

101-5 

101 

100-5 

100 

99-5 

99 

650-9 
639-8 
628-7 
617-8 
607-0 
596-3 
585-7 
575-3 
565-1 
555-1 
545-1 

•  • 

2-22 
2-22 
2-18 
2-16 
2-14 
2-12 
208 
2-04 
2-00 
2-00 

For  information  about  other  salts  in  this  respect,  the  reader  is 
referred  to  the  writer's  paper  on  '  Steam  and  Brines/ 

Before  passing  from  this  subject  attention  may  be  directed  to  the 
following  interesting  connection  between  the  freezing  and  the  boiling 
of  saline  solutions. 
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The  temperature  of  a  saline  solution  at  its  freezing-point  is  raised 
by  melting  ice  in  it,  and  the  rate  at  which  it  raises  the  temperature 
of  the  solution  is  the  less  the  greater  the  amount  of  ice  melted.  The 
more  nearly  the  temperature  of  the  solution  approaches  to  0**  C,  the 
greater  is  the  amount  of  ice  which  must  be  melted  in  order  to  pro- 
duce a  certain  rise  of  temperature.  When  the  temperature  of  the 
solution  is  ever  so  little  below  0°  C,  the  amount  of  ice  which  has  to 
be  melted  in  order  to  produce  the  smallest  rise  of  temperature  is  ever 
so  great.  But  the  temperature  at  which  ice  melts  in  a  solution  is 
the  temperature  at  which  the  solution  freezes.  Therefore,  for  solu- 
tions containing  the  same  amount  of  a  salt,  the  depression  of  the 
freezing-point  is  the  less  the  greater  the  amount  of  water  present. 
In  some  cases  the  depression  of  the  freezing-point  is  exactly  propor- 
tional to  the  reciprocal  of  the  amount  of  water  present;  in  other 
cases  it  deviates  slightly  from  exact  proportionality  in  one  sense  or 
in  the  other. 

The  temperature  of  a  solution  at  its  boiling-point  is  lowered 
by  condensing  steam  in  it;  and  the  rate  at  which  it  lowers  the 
temperature  of  the  solution  is  the  less  the  greater  the  amount  of 
steam  condensed.  The  more  nearly  the  temperature  of  the  solution 
approaches  the  temperature  at  which  saturated  steam  condenses  on 
pure  water,  the  greater  is  the  amount  of  steam  which  must  be  con- 
densed in  order  to  produce  a  certain  fall  of  temperature.  When  the 
temperature  of  the  solution  is  ever  so  little  above  the  boiling-point 
of  pure  water,  the  amount  of  steam  which  has  to  be  condensed  in 
order  to  produce  the  smallest  fall  of  temperature  is  ever  so  great. 
But  the  temperature  at  which  steam  condenses  in  a  solution  is  the 
temperature  at  which  the  solution  boils.  Therefore,  for  solutions 
containing  the  same  amount  of  a  salt,  the  elevation  of  the  boUing- 
point  is  the  less  the  greater  the  amount  of  water  present.  In  some 
cases  the  elevation  of  the  boiling-point  is  exactly  proportional  to  the 
reciprocal  of  the  quantity  of  water  present ;  in  other  cases  it  deviates 
slightly  from  exact  proportionality  in  one  sense  or  in  the  other. 

If  T/  be  the  freezing-point  of  water,  and  tf  be  the  freezing-point 
of  a  solution  which  for  a  certain  quantity  of  dissolved  salt  contains  a 
quantity  W/  of  water,  then  the  value  of  the  product  W/  (T/  —  tf) 
is  constant  in  the  case  of  some  salts ;  in  the  case  of  others  it  increases 
as  W/,  or  the  amount  of  water,  increases ;  in  the  case  of  others  again 
it  decreases  as  the  dilution  increases.  But  the  deviations  from  con- 
stancy are  never  great  even  in  nearly  saturated  solutions. 

If  Tb  be  the  boiling-point  of  water,  and  fc  be  the  boiling-point  of 
a  solution  which,  for  a  certain  quantity  of  dissolved  salt,  contains  a 
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quantity  W>  of  water,  then  the  value  of  the  product  W^  (ti,  —  T5)  is 
constant  for  some  salts ;  in  the  case  of  others  it  increases  as  W5,  or 
the  amount  of  water,  increases ;  in  the  case  of  others  again  it  decreases 
as  dilution  increases. 

The  product  of  a  mass  into  a  temperature  is  a  quantity  of  heat. 
Therefore,  the  expressions  W/  (T/  —  t/)  and  W^  {ti,  —  T^)  represent 
quantities  of  heat.*  The  physical  meaning  or  interpretation  of  the 
statement  that  either  of  these  products  is  constant,  when  the  propor- 
tion between  the  factors  in  it  varies,  is  that  toater  can  contain  more 
heat  without  boiling,  and  less  heat  vnthout  freezing,  in  proportion  to 
the  amount  of  salt  dissolved  in  it* 

This  is  a  general  law  of  which  Blagden's  law  of  freezing  is  a 
particular  case. 

The  phenomena  accompanying  the  freezing  and  the  boiling  of 
salme  solutions  have  always  been  perplexing.  Salt-water  ice  melts 
at  a  lower  temperature  than  fresh-water  ice,  and  it  is  impossible  to 
prepare  pure  water  from  it ;  therefore  it  was  held  by  some  that  the 
salt  must  belong  to  the  ice.  But  by  skilfully  managing  the  melting, 
the  temperature  may  approach  very  near  to  0°  C,  and  the  water 
prepared  from  it  may  contain  very  little  salt,  and  may  be  drinkable ; 
therefore  it  was  held  by  others  that  the  salt  belonged  to  the  brine. 
The  available  experimental  data  did  not  conclusively  prove  either 
that  the  salt  belongs  exclusively  to  the  ice  or  to  the  brine.  The 
proof  that  the  salt  does  not  belong  to  the  ice  was  furnished  by 
showing  that  snow  or  other  pure  ice,  of  independent  origin,  which 
ocmtains  no  salt,  behaves  in  a  saline  solution  in  exactly  the  same 
way  as  the  alleged  ice  formed  by  freezing  the  solution. 

Again,  regarding  the  boiling  of  saline  solutions,  it  was  observed 
that  the  boiling  temperature  of  a  saline  solution  is  higher  than  that 
of  pure  water,  that  the  steam  produced  by  it  is  pure  steam,  and  that 
a  thermometer  in  the  steam  above  the  boiling  solution  shows  the 
same  temperature  as  it  would  if  immersed  in  steam  above  pure 
boiling  water.  The  question  which  vexed  many  minds,  was :  When 
the  steam  is  just  quitting  the  solution,  has  it  the  temperature  in- 
dicated by  the  thermometer  immersed  in  the  steam  alone,  or  has  it 
that  of  the  thermometer  immersed  in  the  boiling  solution  ?  It  was 
held  by  some  that  the  temperature  of  the  thermometer  immersed  in 
steam  must  be  held  to  prove  that  the  steam  leaves  the  solution  at  the 
temperature  of  pure  boiling  water.  Others  contended  that,  although 
we  have  no  means  of  knowing  at  what  temperature  steam  would 
condense  on  perfectly  dry  glass,  the  moment  there  is  the  slightest 

^  *  Steam  and  Brines,'  p.  544. 
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moisture  on  it  the  steam  is  condensing  on  water,  and  we  know 
exactly  what  that  temperature  is:  it  is  and  it  must  be  the  tem- 
perature of  pure  boiling  water  under  the  existing  conditions,  and  it 
proves  nothing  as  to  the  temperature  at  which  the  steam  actually 
quitted  the  solution. 

The  proof  that  the  steam  must  quit  the  solution  at  the  tem- 
perature of  the  boiling  solution,  is  furnished  by  the  following 
considerations.  We  observe  that  when  we  blow  pure  steam  into  a 
saline  solution,  it  raises  its  temperature  above  that  of  pure  boiling 
water,  and  until  a  certain  maximum  temperature  is  reached,  which 
depends  on  the  relation  between  the  salt  and  the  water  present. 
As  steam  continues  to  pass  and  to  condense  in  part,  owing  to  the 
lower  temperature  of  the  air  outside,  the  temperature  of  the  boiling 
solution  falls  gradually  as  the  amount  of  water  present  increases 
by  the  condensation  of  steam.  We  see  then  that  pure  steam  of 
independent  origin  is  condensed  by  a  saline  solution  having  a  tem- 
perature higher  than  that  of  boiling  water  at  the  moment,  and  lower 
than  that  of  its  own  boiling-point ;  but  it  is  admitted  that  the  boiling  • 
saline  solution  produces  pure  steam  which  must  be  in  contact  with 
the  solution  which  produces  it.  If  the  steam  so  produced  is  at  the 
temperature  at  which  it  would  be  produced  by  pure  water  boiling 
under  the  same  conditions,  then  it  must  ly  contact  cool  some  of  the 
solution  below  its  boiling-point.  But  it  has  been  shown  that  pure 
steam  in  contact  with  a  saline  solution,  the  temperature  of  which 
is  ever  so  little  below  that  of  its  boiling-point,  is  condensed  by  it, 
and  has  its  temperature  raised  by  such  condensation.  But  steam 
of  a  lower  temperature  than  that  of  the  boiling  solution  cannot  be 
both  condensed  and  generated  under  the  same  conditions.  We  see 
that  it  is  condensed  ;  therefore  it  cannot  be  liberated  unless  its  tem- 
perature is  at  least  as  high  as  that  of  the  boiling  solution.  There 
is  no  reason  to  suppose  that  it  can  be  any  higher;  therefore,  the 
temperature  of  the  steam  leaving  a  hailing  saline  solution  is  the  same 
a>s  that  of  the  boiling  solution  itself. 

The  Determination  of  the  Density  of  Sea  Water  by  means  of 

THE  Absolute-Weight  Hydrometer. 

Though  the  waters  of  different  localities  of  the  ocean  dififer  in 
the  amount  and  nature  of  the  saline  matter  dissolved  in  them ;  it 
has  been  found  that  the  nature  of  the  dissolved  contents  can,  for 
almost  all  purposes,  be  held  to  be  constant ;  and  that,  therefore,  a 
water  is  generally  characterised  by  the  amount  of  its  dissolved  con- 
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tents — ^its  salinity.  This  salinity,  within  the  limits  met  with  in 
the  ocean,  varies  directly  with  the  density.  The  density  can  be 
detennined  with  great  accuracy  even  at  sea  by  means  of  a  suitable 
hydrometer.  It  has  been  found,  also,  that  the  preponderance  of 
chlorides  over  other  salts  in  sea  water  is  such  that  the  salinity  of  a 
sea  water  varies  sensibly  as  the  amount  of  chlorine  which  it  contains. 
The  writer  always  uses  the  hydrometer,  with  which  he  can  make  sure  of 
the  density  to  one  or  two  units  in  the  fifth  decimal  place,  relatively  to 
that  of  distilled  water  at  the  same  temperature  determined  at  the  same 
time  and  with  the  same  instrument.  The  chlorine  method  is  quite 
unsuitable  for  use  at  sea,  because  the  quantity  of  chlorine  is  so  large 
that  the  amount  of  water  convenient  for  analysis  is  too  small  for 
exact  measurement,  and  it  cannot  be  weighed  at  sea.  Then  at  sea 
nothing  is  free  from  chlorine — the  air  and  everything  is  impregnated 
with  chlorides;  so  that,  as  a  means  of  specifying  and  distinguish- 
ing oceanic  waters,  the  writer  considers  the  chemical  method  untrust- 
worthy, except  when  made  with  all  refinements  in  a  laboratory  on  land. 
There  is,  of  course,  no  comparison  in  the  amount  of  time  required, 
compared  with  the  hydrometric  method. 

The  most  important  factor  is  the  weight  of  the  hydrometer.  The 
following  particulars  refer  to  the  determination  of  the  weight  of  the 
instrument,  1893,  No.  16. 

The  weight  in  vacuo  of  the  hydrometer  was  determined  indepen- 
dently on  three  different  days  as  follows : — 

Korember  25, 1S93. — Barometer  786*98  mm.;  temperature,  dry  bulb  10°* 3  C, 

wet  bulb  9° -OC. 

Weigbt  of  hydrometer  in  air 182*5875  grms. 

Add  weight  of  displaced  air 0*1960      „ 

Weight  in  vootio  of  hydrometer  .     .     182*7835      „ 

December  9,  1893. — Barometer  730*35  mm.;  temperature,  dry  bulb  6^*0  C, 

wet  bulb  4° -6  0. 

Weight  of  hydrometer  in  air 182*5850  grms. 

Add  weight  of  displaced  air    .     , 0*1975      „ 

Weight  in  raeiio  of  hydrometer       .     .     .     182*7825      „ 

December  IG.  1893.— Barometer  754*64  mm. ;  temperature,  dry  bulb  11^*0  C, 

wetbulb9°*9C. 

Weight  of  hydrometer  in  air 182*5828  grms. 

Add  weight  of  displaced  air 0*2002 

Weight  t»  vacuo  of  hydrometer       .     .     .     182*7830 


n 


Taking  the  mean  of  these  three  independent  and  concordant 
weighings  we  obtain  for  the 

Weight  171  vacuo  of  hydrometer  .  .  .  182-7830  grms. 
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The  weight  of  the  hydrometer  is  also  the  weight  of  the  water 
which  it  displaces.     In  the  manufacture  of  the  instrument  its  weight 
is  so  adjusted  that  in  distilled  water  of  30®  C.  it  floats  with  the  water 
line  at  the  lowest  division,  0  mm.,  on  the  stem.    Let  us  assume  that 
it  does  so  exactly.    Then  the  weight  of  the  distilled  water  of  30°  C, 
which  it  displaces,  is  182 '7830  grms.     If  now  it  be  immersed  in  a 
saline  solution,  such  as  sea  water,  having  a  temperature  of  30°  C,  it 
will  not  sink  so  deeply  into  it.     In  order  to  immerse  it  up  to  0  mm. 
on  the  stem  it  will  be  necessary  to  add  weight,  let  us  say  4  grms. ; 
then  we  have  at  once  the  weights  of  equal  volumes  of  distilled  water 
and  of  the  sea  water,  both  at  the  same  temperature  30°  G. :  they  are 
182-7830  and  186  7830.    The  quotient,  or  1"  0218839,  is  the  specific 
gravity  of  the  sea  water  at  30°  C,  referred  to  that  of  distilled  water 
of  the  same  temperature  as  unity.    Hence  in  order  to  get  an  accurate 
determination  of  the  specific  gravity  of  the  sea  water,  we  require  to 
know  only  the  weight  of  the  instrument  which  floats  at  a  given 
water  line.     In  order  to  avoid  the  use  of  small  weights  which  are 
necessary  to  make  the  hydrometer  always  float  at  the  same  water 
line,  the  stem  has  been  divided  into  one  hundred  water  lines,  each 
1  mm.  apart.    The  external  diameter  of  the  stem  is  about  3  mm., 
so  that  the  displacement  in  distilled  water  of  the  divided  part  is  about 
1  grm.     Let  us  imagine  that  it  is  so  exactly.    Let  us  now  float  the 
hydrometer  in  distilled  water  of  30°  C. :  it  floats  at  0  mm.      Let 
us  now  add  0*5  and  1*0  grm.  respectively,  and  we  find  that  the 
immersion  is  increased  to  50  and  100  mm.  respectively,  and  the  three 
weights  of  distilled  water  displaced  are  182*7830,  183-2830  and 
183-7830  grms.  respectively.     Now  let  us  float  the  instrument  in 
the  sea  water  of  30°  C,  and  we  require  4  grms.  to  make  it  float  at 
0  mm.     If  we  add  0*5  and  1-0  grm.,  these  weights  will  produce 
slightly  less  additional  immersions  than  they  did  in  distilled  water. 
Let  the  immersions  be  to  49  mm.  and  98  mm.  respectively.    We  have 
then  the  elements  of  three  independent  determinations  of  the  specific 
gravity  of  the  sea  water  at  30°  C,  referred  to  distilled  water  of  the 
same  temperature  as  unity.      The  first  is  the    same    as    before, 
1-0218839. 

In  the  other  two  cases  the  displacements  are  not  exactly  the 
same.  They  could  be  made  the  same  by  adding  about  0*01  and 
0-02  to  the  additional  weights  respectively.  But  it  is  inconvenient 
to  have  to  work  with  these  small  weights.  As  1  mm.  of  this  stem 
corresponds  to  a  displacement  of  0*01  grm.  distilled  water  it  is 
evident  that  by  subtracting  0*01  and  0*02  grm.  from  the  weights  of 
the  hydrometer  floating  in  distilled  water  we  get  the  weights  of  dis- 
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tilled  water  displaced  when  the  instrunient  is  floating  at  49  mm.  and 
98  mm.  respectively,  and  we  have  only  to  perform  the  division  as 
before.  The  two  pairs  of  weights  are  183-273  and  187-283,  and 
183-7630  and  187-8830,  which  give  the  quotients  1*021879  and 
1-021877.  Working  according  to  this  plan  and  using  no  weights 
lights  than  0  1  grm..  we  can  easily  get  two  parallel  series  of  nine 
independent  determinations  each,  of  the  weights  of  equal  volumes  of 
any  two  liquids  and  especially  of  distilled  water  and  sea  water 
having  the  same  temperature.  These  depend  on  nothing  but  the 
weight  of  the  hydrometer.  The  determination  of  a  weight  is  one  of 
the  physical  operations  which  can  be  performed  with  the  greatest 
exactness. 

It  may  be  here  pointed  out  that  the  weight  which  causes  the 
displacement  of  the  hydrometer  is  its  own  weight  pins  the  weight 
of  the  liquid  meniscus  which  it  carries  on  the  stem  at  the  line  of 
flotation.  It  is  impossible  to  weigh  or  measure  this  exactly,  but  we 
are  only  concerned  with  the  question  whether  and  in  how  far  it  can 
eSect  the  exactness  of  our  determination  of  the  speciflc  gravity  of 
sea-water.  It  may  be  taken  that  the  volume  of  the  meniscus  of 
distilled  water  does  not  differ  by  a  measurable  amount  from  the 
volume  of  the  sea-water  meniscus,  therefore,  the  weights  of  the 
meniscuses  will  be  in  the  proportion  of  their  specific  gravities. 
Imagine  for  one  moment  that  the  volume  of  the  meniscus  is 
1  C.C.,  or  equal  to  the  volume  of  the  whole  of  the  stem  of  the 
hydrometer ;  then,  in  our  example,  we  should  have  for  the 
displacing  weight  in  distilled  water,  182*783  +  1  =  183  783  grms., 
and  for  that  in  sea-water,  186  783  +  1*022  grm.  =  187*805 
grms.,  and  the  quotient  of  these  is  1  '0218845.  When  no  allowance 
was  made  for  the  weights  of  the  meniscuses,  the  quotient  was 
1-0218839;  there  is,  therefore,  a  difference  of  six  in  the  seventh 
decimal  place.  The  volume  of  the  meniscus  is  not  more  than  about 
0*01  cc,  so  that  the  error  due  to  neglect  of  the  weights  of  the 
meniscuses  afiects  no  higher  place  than  the  ninth. 

The  specific  gravity  of  a  sea-water,  as  determined  by  the  absolute- 
weight  hydrometer,  is  a  fraction  of  which  both  the  numerator  and 
the  denominator  consist,  for  the  most  part,  of  the  weight  of  the 
glass  instrument.  It  follows,  that  there  may  be  a  considerable 
error  in  the  determination  of  this  weight,  without  the  exactness  of 
the  quotient  or  the  specific  gravity  being  sensibly  impaired.  For 
instance,  let  us  imagine  that  an  error  of  1  grm.  has  been  made  in  the 
determination  of  the  weight  of  the  instrument,  so  that  it  weighs 
181*783  grmsi  in  place  of  182*783  grms.;    then,  continuing  the 
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above  example,  the  specific  gravity  is  185 '783  4-  181*783  = 
1-0220042,  in  place  of  1*0218845,  showing  a  diflference  of  1*97  in 
the  fifth  decimal  place.  An  error  of  1  centigramme  would  therefore 
aflTect  only  the  seventh,  and  an  error  of  1  milligramme,  only  the  eighth 
decimal  place. 

Exception  having,  at  one  time  or  another,  been  taken  to  the  prin- 
ciple of  the  absolute-weight  hydrometer,  the  writer  is  convinced  that 
it  is  not  superfluous  to  direct  attention  to  the  above  elementary 
arithmetical  considerations. 

It  is  not  always  convenient  to  make  parallel  observations  in  dis- 
tilled water  in  the  case  of  every  sea  water  examined.  Therefore,  for 
common  use,  the  results  of  a  number  of  series  of  observations  of  the 
hydrometer  in  distilled  water  of  different  temperatures  have  been  taken 
and  interpreted  in  the  above  sense  as  giving  the  displaced  volumes  for 
the  divisions  of  the  stem,  and  the  temperatures  in  question.  Kopp's 
table  of  the  thermal  dilatation  of  distilled  water  has  been  used.  It 
is  unnecessary  to  go  into  all  the  details  of  this  calculation.  The 
results  for  this  hydrometer.  No.  16,  taken  as  example,  are  given  in 
the  following  pages. 

The  stem  is  divided  into  millimetres  for  a  length  of  100  mm. 
Its  external  diameter  is  about  3  mm.  Its  displacement  is  ascer- 
tained by  floating  the  hydrometer  in  distilled  water  of  given  tempe- 
rature, and  adding  successively  weights,  increasing  by  0  •  1  grm.  The 
result  of  the  determinations  is  given  in  the  following  table : — 


iDtnral  on  Stem 

Millimetres. 

0 

to   10 

10 

20 

20 

30 

30 

40 

40 

50 

50 

60 

60 

70 

70 

80 

80 

90 

90 

100 

0  to  100 


Volam«  of  Interral. 
Cub.  c«iiUixietreft. 

0-1049 
0  1036 
0  1065 

0 

•1031 

0 
0 
0" 
0' 

•1014 

•1077 

1069 

1043 

0- 
0 

1047 
1006 

1 

•0437 

From  this  table  giving  the  volume  of  successive  lengths  of 
10  mm.  of  the  stem,  a  table  is  to  be  constructed  giving  the  volume 
of  the  immersed  portion  of  the  stem  for  every  millimetre  on  it 
There  will  be  101  entries  in  this  table.     The  first  will  be  0  mm.  and 

0  c.c,  the  eleventh  10  mm.  and  0 '  1049  c.c,  and  the  last  100  mm.  and 

1  •  0437  cc. 

The  volume  of  the  hydrometer,  when  immersed  just  up  to  the 
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lowermost  division  0  mm.  on  the  stem,  was  determined  at  several 
diflferent  temperatures  with  great  care.  The  result  is  given  in  the 
following  table : — 


Ttmpenttare. 

Dltplaoed  Volume. 

DlUUtloti  per  °C. 

21° -22  C. 

183-4271  cc. 

— 

10°- 95  C. 

183-3819  0.0. 

0'0045c.c. 

8°-99  C. 

183-3759  CO. 

0  0032  0.0. 

5°10C. 

183-3600ICC. 

0-0039  ca 

1P05C. 

183-3842  cc. 

0  0039  CO. 

Hence  the  volume  of  the  body  of  the  hydrometer,  when  im- 
mersed up  to  0  mm.  on  the  stem,  is  183*3842  cc.  at  11° '05  C,  and 
its  dilatation  per  °  C.  is  0  •  0039  cc. ;  whence  we  have  the  volume  of 
hody  of  hydrometer  at  OP  C.  =^  183  •  341 1  cc. 

As  the  dilatation  is  0*0039  cc  per  °  C,  we  have — 

Volume  of  bo«1y  of  hydrometer  is  183-3411  c.c.  at    0"  C. 

183-3606  5° 

183-3801  10" 

183-3996  15^ 

183-4191  20^ 

183-4386  25*^ 

183-4581  30'^ 

A  similar  table  of  volumes  for  every  degree  can  be  constructed. 
The  constants  of  hydrometer  (1893)  No.  16  are  therefore — 

Weight  of  hydrometer  tn  vacuo 182-7830  grms. 

Volmne  of  body  up  to  0  mm.  on  stem  at  0''  C.  .  183-3411  o.o. 

Dilatation  per  0°  G 0  0039  o.o. 

Ayerage  Yolame  of  1  mm.  on  stem 0-010437  c.c. 

The  volume  of  the  body  of  the  instrument  at  15**  C.  is  183*3996  cc. 
This  is  the  volume  which  it  displaces  when  floating  exactly  at  0  mm. 
on  the  stem  at  this  temperature.  In  a  liquid  of  less  density,  but  of 
the  same  temperature  (15°  C),  it  sinks  until  all  the  divided  part  of 
the  stem  is  immersed,  and  remains  stationary  at  100  mm.  The 
volume  of  this  liquid  which  is  now  displaced  is  183*3996  +  1*0437 
fc  184 '4433  C.C.  The  weight  of  the  hydrometer  is  the  same  in  both 
cases,  namely,  182*7830  grm.  Then  we  have  ascertained  that  at 
15°  C.  182  *  783  grm.  of  the  first  liquid  have  a  volume  of  183  •  3996  c.c. 
tnd  that  the  same  weight  of  the  second  liquid  at  the  same  tempe- 
wtore  occupies  a  volunje  equal  to  184*4433  cc  From  these  figures 
we  find  the  weight  of  1  c.c  of  each  liquid  at  15®  C.  to  be 
0-996638  grm.  for  the  first  or  denser  liquid,  and  0*990998  grm. 

I 
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for  the  second  or  lighter  liquid.  The  difference  is  0*005640  gmL, 
and  this  corresponds  to  the  immersion  of  the  whole  of  the  stem, 
which  is  divided  into  100  mm.  Therefore  the  difference  of  density 
corresponding  to  a  difference  of  immersion  of  1  mm.  is  0*000056. 
If  we  consider  a  difference  of  immersion  of  one-tenth  of  a  millimetre, 
it  corresponds  to  a  difference  of  density  of  0  •  0000056.  This  example 
gives  at  once  an  idea  of  the  capability  of  the  instrument. 

Additional  weights, — In  order  to  be  able  conveniently  to  increase 
the  weight  of  the  hydrometer,  a  set  of  weights  is  supplied,  of  such  a 
form  that  they  can  be  placed  on  the  top  of  the  exposed  stem.  They 
are  made  of  wire,  in  the  form  of  spirals  and  of  rings.  The  following 
are  the  particulars  of  a  set : 

Spirals  of  brass  ....  7*0,  5*0  and  3*0  grms.  respeotiyely. 

Bings  of  brass  1*0  and  0*5  grms.  respectively. 

Spirals  of  aluminium     .     .  1  *  0,  0  *  5,  0  *  2,  0  *  1  and  0  *  05  grms.  respectiyely. 

Bings  of  aluminium       .     .  0 *  1,  0 *  1,  0 *  1,  0 *  1  and  0*  1  grms.  respectiyely. 

This  set  of  weights  has  been  designed  so  that,  for  varying  the 
weight  in  distilled  water,  one  aluminium  spiral,  which  will  carry  the 
lighter  aluminium  rings  as  required,  will  be  sufficient,  and  for  vary- 
ing the  weight  in  sea  water,  one  brass  spiral  will  be  sufficient,  rings 
of  brass  or  aluminium  being  added  as  required. 

An  example  has  already  been  given  of  a  determination  of  specifk; 
gravity  when  parallel  series  of  observations  are  made  in  the  sea  water 
and  in  distilled  water  of  the  same  temperature.  In  the  following 
example  the  volume  of  the  hydrometer  up  to  every  division  of  the 
stem,  and  for  aU  temperatures,  from  0°  to  30°  C,  is  taken  as  known. 
It  has  been  deduced  from  a  number  of  series  of  observations  on  dis- 
tilled water  in  the  way  just  described.  The  sample  of  sea  water  has 
the  temperature  of  the  air  in  the  room  or  laboratory.  This  is  essential. 
If  it  is  inconvenient  to  wait  imtil  the  water  has  acquired  this  tempe- 
rature then  a  coarser  and  less  valuable  hydrometer  should  be  used. 
After  the  temperature  of  the  water  has  been  observed,  the 
hydrometer  is  floated  in  it,  with  sufficient  additional  weight,  say 
5  grms.,  to  immerse  the  stem  to  one  of  the  lower  divisions  of  the 
stem — let  us  say  3;  then  let  0*4  grm.  be  added  and  let  it  be  im- 
mersed to  42,  and  for  the  third  observation  let  a  further  weight  of 
0  *  4  grm.  be  added,  and  let  it  now  float  at  80.  The  hydrometer  is 
then  removed,  dried  and  replaced  in  its  box,  and  the  temperature  of 
the  water  is  again  taken.  It  must  not  have  varied  more  than  0*2  C, 
in  which  case  the  mean  between  the  temperature  at  the  beginning 
and  that  at  the  end  can  be  used. 
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Let  this  mean  temperature  be  20^  C,  and  we  have  for  the  first 
determination — 

Volume  of  body  of  hydrometer  at  20<»  0 183-4191  c.o. 

Tolame  of  immersed  stem  3  mm 0*0315  c.a 

Total  immersed  volame 183*4506  c.c. 

Weight  of  displacing  hydrometer 187-7830  grms. 

Density  or  weight  of  1  0.0.  of  the  sea  water  at  20''  C.  .        1 '  023616 

For  the  second  determination  we  have — 

Volume  of  body  of  hydrometer  at  20°  C 183*4191  c.c 

Volmne  of  immersed  stem  42  mm 0*4383  c.c. 

Total  immersed  volume 183-8574  c.o. 

Weight  of  displacing  hydrometer 188*1830  grm& 

Density  or  weight  of  1  c.o.  of  the  sea  water  at  20°  C.  .        1  -023522 

For  the  third  determination  we  have — 

Yolumeofbody  of  hydrometer  at  20°  C 183*4191  o.c. 

Volume  of  immersed  stem  80  mm 0  *  8384  c.c. 

Total  immersed  volume 184  -  2575  cc. 

Weight  of  displacing  hydrometer 188-5830  grms. 

Density  or  weight  of  1  o.o.  of  the  sea  water  at  20°  C.  .        1  *  023475 

The  mean  of  the  three  densities  is  1-023538. 

« 

This  is  the  density  at  20"^  C. ;  or  it  is  the  specific  gta.vity  at  that 
temperature,  that  of  distilled  water  at  4°  C.  being  unity. 

Having  obtained  the  density  at  20®  0.  it  will  be  required  to  find 
the  density  which  the  water  has  at  some  other  temperature ;  for 
instance,  the  standard  temperature  which  for  all  the  Challenger  waters 
was  taken  as  15* -56  C.^  or  60"*  Fahr.  The  reason  for  the  adoption  of 
this  standard  temperature  was  that,  when  the  Challenger  sailed,  the 
most  trustworthy  tables  for  the  purpose  were  those  of  Hubbard,  and 
he  used  60"^  Fahr.  as  his  standard  temperature.  It  is,  however,  also 
the  most  suitable  temperature  to  which  to  reduce  observations  of 
density  made  in  temperate  regions,  because  about  as  many  observa- 
tUMis  will  have  to  be  corrected  up  as  have  to  be  corrected  down. 
Looking  to  the  fact  that  the  ocean  waters  contained  between  the  two 
tropics  are  of  greater  volume  than  all  the  remaining  waters  on  the 
globe  taken  together,  it  would  be  more  suitable  for  a  universal 
common  temperature  of  reduction  to  take  the  mean  temperature  of 
ttie  air  at  sea  between  the  tropics.    This  would  be  about  22^*  5  C.,* 

•  See  'A  Betrospect  of  Oceanography  during  the  last  Twenty  Years/  by  J.  Y. 
Baebtnan,  F.R.S.,  in  the  Beport  of  the  Sixth  International  Geographical  Congress^ 
Md  m  Lnodom  1895»  where  this  subject  i»  discussed. 

I  2 
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SO  that  for  temperate  and  tropical  waters  20°  C.  would  be  a  very 
suitable  common  temperature  of  reduction. 

In  Arctic  and  Antarctic  seas  it  might  be  well  to  reduce  the 
observed  densities  to  a  common  temperature  about  the  mean  tem- 
perature of  the  waters  in  their  place.  For  this  purpose  0**  C.  might 
be  taken.  It  is  only  in  the  restricted  areas  of  the  Arctic  and  Ant- 
arctic seas  that  the  adoption  of  0°  C.  as  the  common  temperature  of 
reduction  has  any  justification,  because  it  is  only  there  that  the 
prevalent  temperature  is  such  that  the  corrections  up  to  0*^  C.  would 
ever  occur,  and  that  very  seldom.  In  all  exact  work  corrections 
are  to  be  avoided  if  possible.  When  they  are  unavoidable  they 
are  to  be  made  as  small  as  possible,  and,  if  possible,  they  should 
balance  each  other.  The  standard  temperature  should  be  the 
mean  of  those  most  likely  to  occur,  and  we  have  seen  that,  as  a 
general  standard  temperature  for  all  the  oceanic  waters,  20°  C. 
would  be  suitable.  To  adopt,  as  has  been  proposed,  0°  C.  or  the 
extreme  temperature  in  one  direction,  as  the  common  temperature 
to  which  to  reduce  all  observed  densities,  is  contrary  to  the  scientific 
canon. 

Table  IX.  gives  in  units  of  the  fifth  decimal  place  the  difference 
between  the  density  at  15° '56  0.  of  an  average  sea  water  and  its 
density  at  any  other  temperature  between  0°  C.  and  30°  C.  It  is 
compiled  chiefly  from  Ditmar's  observations,  and  the  average  sea 
water  had  a  density  of  1-02600  at  15° -56  C.  We  will  apply  it  to 
the  reduction  of  our  numerical  example.  The  density,  that  is,  the 
weight  of  1  c.c,  or  the  specific  gravity  of  the  water  referred  to  the 
density  of  distilled  water  at  4°  C.  as  unity,  is  at  20°  C.  1  -02354.  At 
20°  C.  the  density  of  sea  wat^  is  less  than  it  is  at  15° '56  C ;  there- 
fore, in  order  to  find  the  density  of  the  water  at  15° '56  C,  we  must 
add  the  tabular  difference,  namely,  0*00110  to  1*02354,  and  we 
have  1*02464  as  the  density  at  15°*  56,  often  represented  by  the 
symbol  ^  Sj^.^^.  If  now  we  wish  to  know  its  density  at  0°  C,  we 
have  to  add  the  tabular  difference  0*00218  to  the  density  at 
15° -56  0.,  namely,  1*02464^  and  we  have  1*02682  as  the  density 
at  0°  C.  To  reduce  directly  from  density  at  20°  C.  to  density  at 
0°  C,  we  should  have  to  add  the  sum  of  the  differences,  or  0  *  00328 
to  1*02354.  The  reader  will  see  that  in  using  0°C.  as  a  general 
standard  temperature,  the  errors  in  the  reduction  are  all  in  one 
direction,  and  densities  are  not  observed  below  0°  C.  which  would 
enable  us  to  introduce  something  to  counterbalance  it.  Supposing 
that  the  temperature  of  the  water  in  situ  is  23° -4  0.,  then  the 
density  in  situ  is  1- 02464  -  0*00203  =  1*02261.     If  the  tempera- 


CHEMICAL  AND  PHYSICAL   NOTES. 


117 


true  in  situ  is  4°  •  3  C,  then  the  density  in  situ  is  1  •  02464  +  0  •  00187 
=  1*02651.  These  examples  will  make  the  use  of  the  table  perfectly 
plain. 

Having  described  the  construction  and  the  use  of  the  absolute 
weight  hydrometer,  the  following  general  observations  regarding  its 
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usefulness  are  taken  from  the  'Eetrospect  of  Oceanography'  (1895) 
already  referred  to : — 

"The  hydrometer  which  I  constructed  for  the  Challemjer  ex- 
pedition, and  used  during  the  whole  of  it,  gives  absolute  results. 
By  its  means,  the  weights  of  equal  volumes  of  the  solution 
and  of  distilled  water  of  the  same  temperature  are  determined 
directly.  It  is  neither  more  nor  less  than  a  pyknometer,  where  the 
Tolame  of  liquid  excbcded  up  to  a  certain  mark  is  weighed  instead  of 
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that  included  up  to  a  similar  mark.  In  the  pyknometer,  the  internal 
8urfa,ce  per  unit  of  length  of  the  stem  can  be  made  smaller  than  the 
external  surface  per  unit  of  length  of  the  stem  of  the  hydrometer. 
On  the  other  hand,  the  volume  of  the  hydrometer  can  safely  be  made 
many  times  larger  than  that  of  the  pyknometer,  the  dimensions  of 
which  must  always  be  kept  small  on  account  of  the  difficulty  of  as- 
certaining its  true  temperature,  which  must  be  a  matter  of  guess- 
work, because  it  is  not  measured  directly.  The  temperature  of 
another  mass  of  liquid  is  measured,  and  the  two  are  assumed  to  be 
identical.  With  the  hydrometer,  the  liquid  being  in  large  quantity 
and  outside  of  the  instrument,  its  temperatui*e  can  be  immediately 
ascertained  with  every  required  accuracy. 

"  Again,  for  every  determination  with  the  ordinary  pyknometer, 
the  weight  of  the  liquid  contained  in  it  has  to  be  determined  by  a 
separate  operation  of  weighing.  With  the  hydrometer  the  weight  of 
the  liquid  displaced,  being  always  equal  to  its  own,  is  determined 
once  for  all  by  repeated  series  of  weighings,  where  every  refinement 
is  used  to  secure  the  true  weight  of  the  instrument  This  weight  can 
then  be  increased  at  will  by  placing  suitable  small  weights  on  the 
upper  extremity  of  the  stem.  Their  weight  is  also  most  carefully 
determined  once  for  all,  so  that  at  any  moment  the  total  weight  of 
the  displacing  instrument  is  accurately  known. 

'^  In  (determining  the  density  of  a  sea  water  in  an  expedition,  only 
the  absolute^weigbt  hydrometer  should  be  used.  The  samples  of 
water  should  be  stored  in  the  laboratory  where  the  observations  are 
going  to  be  made,  and  they  should  have  sensibly  the  same  tempe- 
rature as  the  air  while  the  observations  are  being  made.  If  the 
motion  of  the  ship  is  at  any  time  too  violent  for  it  to  be  convenient 
to  make  the  observations,  then  a  sufficient  supply  of  bottles  should 
be  at  hand  to  keep  the  samples  until  the  motion  becomes  less  without 
interfering  with  the  collection  of  other  samples.  When  the  water  is 
in  the  cylinder,  its  temperature  is  carefully  taken  with  a  trustworthy 
thermometer,  which  must  be  divided  into  tenths  of  a  Centigrade 
degree,  The  thermometer  is  then  removed,  and  the  hydrometer 
immersed  and  loaded  with  small  weights,  until  the  water-level  risas 
to  one  of  the  lower  divisions  of  the  scale.  It  is  unnecessary  to  point 
out  that  the  water  in  the  cylinder  must  be  at  rest,  that  the  stem  of 
the  hydrometer  must  be  sheltered  from  wind,  that  everything  must 
be  clean,  and  that  the  ordinary  precautions  usually  observed  in  every 
physical  or  chemical  laboratory  are  to  be  observed.  Having  obtained 
the  first  reading,  further  small  weights  are  added  by  steps  of  0  •  1  grm. 
W»til  at  least  nioe  observations  have  been  obtained.    Sometimes  it  is 
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oonvenient  to  use  the  0'05-grm.  weight  near  the  top  or  bottom  of  the 
stem.  Care  is  taken  that  the  stem  of  the  hydrometer  is  wetted  for  a 
distance  of  1  or  2  mm.,  but  not  more,  above  the  division  where  the 
hydrometer  is  going  to  float.  This  is  an  essential  precaution  for 
ensuring  precision.  When  the  last  observation,  which  must  be  the 
one  nearest  the  upper  extremity  of  the  stem,  has  been  made,  the 
small  weights  are  removed,  and  the  hydrometer  lifted  out  and  put  in 
safety,  and  the  temperature  again  taken  with  the  thermometer.  It 
should  not  difier  from  the  temperature  found  at  the  beginning  by 
more  than  0*^  •  3  C,  and  in  work  making  any  pretentions  to  accuracy, 
it  should  not  exceed  0° '  1  C.  If  a  difference  of  temperature  amount- 
ing to  0^"  3  C.  is  observed,  and  the  temperature  itself  is  above  20*^  C, 
then  the  mean  temperature  must  not  be  taken  and  used  for  the  nine 
observations,  but  the  C^'S  C.  must  be  distributed  over  them,  and  the 
temperature,  which  the  water  had  at  the  time  of  each  observation, 
used.    The  difference  affects  the  fifth  place  of  decimals. 

"Whether  at  sea  or  on  land,  I  always  log  the  time  in  my 
laboratory  work.  A  series  of  observations  with  the  hydrometer 
as  above  described  takes  on  an  average  about  twelve  minutes ;  but 
in  that  time  at  least  nine  quite  independent  observations  have  been 
made  of  the  density  of  the  water.  If  a  sufficient  number  of  obser- 
vations have  already  been  made  with  the  hydrometer  in  distilled 
water  of  the  same  or  nearly  the  same  temperature,  they  may  be  used 
for  giving  the  specific  gravity  of  the  water.  If  they  have  not,  or  if 
the  determination  is  of  especial  importance,  then  a  precisely  similar 
series  of  observations  must  be  made  in  distilled  water  of  the  same 
temperature,  and  variations  of  temperature  amounting  to  0^  3  C.  are 
then  inadmissible. 

"  When  the  corresponding  series  of  observations  has  been  made  in 
distilled  water,  and  they  have  had  the  small  stem  correction  applied 
80  as  to  give  the  displacing  weight  in  distilled  water  at  the  exact 
stem  divisions  observed  in  the  sample  water,  we  have  nine  pairs  of 
readings,  each  pair  giving  the  weights  of  equal  volumes  of  distilled 
water  and  of  the  sample,  and  therefore  each  pair  giving  by  their  ratio 
an  independent  determination  of  the  specific  gravity  of  the  sample, 
referred  to  that  of  distilled  water  of  the  same  temperature  as 
unity.  The  mean  of  the  nine  observations  gives  a  result  which, 
according  to  the  doctrine  of  probabilities,  should  have  a  precision 
three  times  greater  than  that  of  a  single  observation.  Although 
much  may  be  done  to  avoid  a  large  range  of  temperature  of  observa- 
tion, there  will  always  be  some  difference  in  the  temperatures  at 
which  the  specific  gravity  of  the  various  samples  is  observed,  and  as 
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a  similar  variation  would  take  place  in  the  unit  to  whicli  they  are 
referred,  we  effect  a  reduction  to  their  value,  taking  the  density  of 
distilled  water  at  4''  as  unity.  This  is  obtained  by  multiplying  the 
figures  obtained  as  above  for  the  specific  gravity  by  the  weight  of 
1  c.c.  of  distilled  water  at  the  temperature  of  observation.  This 
is  one  of  the  physical  constants  which  have  been  determined  with 
the  greatest  care  and  presumably  with  the  greatest  precision,  and 
therefore,  if  reductions  are  to  be  admissible  at  all,  this  one  can  be 
made  without  fear  of  error.  The  specific  gravity  multiplied  by 
this  weight  of  unit  volume  of  distilled  water  of  the  same  temperature 
gives  the  density  of  the  sample  water  at  that  temperature,  that  is,  it 
gives  the  weight  of  1  c.c.  of  it  in  grammes.  It  may  also  be  correctly 
described  as  the  specific  gravity  of  the  water  at  the  temperature, 
that  of  distilled  water  of  4°  C.  being  unity. 

"  The  density  at  temperature  of  observation  can  now  at  once  be 
reduced  to  its  value  at  whatever  is  chosen  as  common  temperature; 
and  at  the  temperature  which  it  had  in  situ.  Naturally,  these 
reduced  values  aie  affected  by  whatever  uDcertainty  attaches  to  the 
tables  used.  For  purposes  of  control,  it  is  well,  in  an  expedition,  to 
preserve  very  carefully  considerable  samples  of  typical  waters,  and, 
as  opportunity  offers,  to  determine  their  specific  gravity  against  dis- 
tilled water  at  different  temperatures.  There  is  no  reason  to  suppose 
that  the  precision  of  these  determinations  would  stand  in  any  way 
behind  that  of  the  observations  on  which  the  tables  are  founded,  and 
as  they  would  have  been  made  on  the  actual  waters  which  are  under 
consideration,  they  should  have  the  preference. 

"  It  will  be  obvious  from  these  remarks  how  necessary  it  is,  in  an 
expedition,  to  have  a  supply  of  perfectly  pure  distilled  water,  to 
make  parallel  observations  under  the  conditions  on  board.  Also,  as 
before  recommended,  typical  samples  of  the  waters  collected  should 
be  kept  for  careful  determination  of  their  density  with  the  same 
hydrometer  at  different  temperatures,  and  especially  at  or  near  the 
temperature  taken  as  the  common  temperature  of  reduction. 

**  For  observing  on  board  ship,  I  find  that  the  method  used  in  the 
Challenger,  of  placing  the  cylinder  on  a  swinging  table,  gives  better 
results  than  any  other.  In  the  Princesse  Alice,  a  ship  of  not  more 
than  600  tons,  the  motion  at  sea  is  always  considerable,  but  in  oixii- 
iiary  circumstances  the  maximum  aipplitude  of  the  motion  of  the 
floating  hydrometer  was  not  over  3  mm.  The  vibration  period  of 
the  hydrometer  always  interferes  with  that  of  the  ship  and  swinging 
table,  producing  moments  of  rest,  and  my  experience  is  that  a  mode- 
rate rate  of  motion  is  an  advantage.     The  individual  readings  of  a 
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aeries  made  under  favourable  circumstances  at  sea  generally  agi-ee 
more  closely  with  the  mean  than  is  the  case  with  a  series  made 
under  similar  circumstances  on  land.  The  limit  to  the  amount  of 
motion  with  which  trustworthy  observations  can  be  made  does  not 
depend  on  the  hydrometer,  but  on  the  observer.  When  the  motion 
goes  beyond  a  certain  amount  of  violence,  the  observer's  attention  is 
entirely  taken  up  in  looking  after  his  own  stability,  and  in  preventing 
collision  with  the  swinging  table. 

"  In  the  Princesse  Alice  I  frequently  compeDed  myself  to  observe 
when  the  motion  was  violent,  and  then  kept  the  waters  for  observa- 
tion under  more  favourable  circumstances.  I  rarely  found  any  sensible 
difference  in  the  results ;  but  the  labour  of  making  the  observations 
in  bad  weather  is  very  great,  and  has  an  irritating  effect.  In  the 
Chidliiigcr  there  was  no  difficulty  in  deciding  whether  the  observa- 
tions should  be  proceeded  with  or  not,  because  there  was  no  difficulty 
in  making  them  in  weather  that  admitted  of  the  main-deck  port, 
which  lighted  and  ventilated  the  laboratory,  being  kept  open.  When 
it  was  shut,  the  darkness  put  a  stop  to  such  observations  indepen- 
dently of  the  motion. 

"It  is,  perhaps,  not  wholly  unnecessary  to  point  out  that  to  obtain 
good  results  with  a  method  such  as  this  the  observer  must  have  a 
certain  amount  of  dexterity  and  patience,  but  more  particularly  he 
must  approach  the  matter  with  the  desire  to  succeed.  There  is  never 
any  difficulty  in  making  unsuccessful  experiments. 

"  The  following  table  gives  the  results  of  determinations  of  specific 
gravities  of  samples  of  Mediterranean  water  collected  in  1893  by 
H.S.H.  the  Prince  of  Monaco,  which  happened  to  be  made  at  identical 
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temperatures  with  different  hydrometers.  The  specific  gravities  given 
are  each  the  means  of  from  nine  to  eleven  separate  observations 
on  sea  water  and  distilled  water  at  the  same  time  and  at  the  same 
temperature.  The  greatest  difference  between  any  pair  of  values 
is  3*3  in  the  fifth  decimal  place,  and  the  individuals  of  each  pair 
depend  on  perfectly  distinct  sets  of  weighings,  and  are  therefore  quite 
independent. 

"  It  may  safely  be  asserted  that,  working  in  this  way,  the  specific 
gravity  of  a  sea  water  or  similar  solution  can  be  determined  with  a 
probable  error  of  not  more  than  ±  1  in  the  fifth  decimal  place.  In  a 
water  whose  specific  gravity  is  1  •  03000, 1  in  the  fifth  decimal  place 
represents  ^^j^  of  the  whole  solid  contents ;  so  that  by  the  careful 
use  of  the  hydrometric  method,  the  salinity  to  one  part  in  75,000  ot 
water,  or  differences  of  1  grain  per  gallon,  can  be  determined ;  and  it 
has  proved  itself  of  great  use  in  general  chemical  practice,  especially 
in  cases  of  pollution  of  streams." 


Meteorological  Observations  and  Instruments. 

Full  instructions  for  installation  of  instruments,  and  for  methods 
of  observation  and  recording,  will  be  supplied  with  the  instruments. 
It  is  unnecessary  to  repeat  them  here.  But  there  are  one  or  two 
points,  seldom  adequately  insisted  on  in  meteorological  instructions, 
which  may  here  be  recalled. 

Thermometers. — ^With  the  thermometers  of  the  Expedition  there 
will  be  supplied  information  as  regards  the  position  of  the  point  of 
melting  ice  and  as  regards  the  agreement  of  other  parts  of  the  scale 
with  the  standard ;  but  it  is  safe  to  afiirm  that  no  information  will 
be  supplied  with  regard  to  the  thermal  mass  of  the  thermometers,  or 
the  rapidity  with  which  they  respond  to  changes  of  the  temperature 
of  the  medium  in  which  they  are  placed.  The  Kate  of  Cooling,  or  its 
reciprocal,  the  Te7'm  of  Coolin-g,  of  a  thermometer  is  as  important  a 
constant  as  the  position  of  the  ice-point  or  the  length  of  a  degree. 
The  following  considerations  will  show  that  the  want  of  knowledge 
of  this  constant  and  of  its  application  may,  and  in  point  of  fact  does, 
frequently  introduce  error  and  confusion  into  meteorological  results. 

When  two  unequal  masses  of  the  same  substance  have  the  same 
temperature  and  hang  in  the  same  medium,  the  temperature  of 
which  is  constant  and  lower  than  their  own,  their  temperature  will 
fall  at  unequal  rates.  If,  being  at  the  same  temperature,  they  are 
bung  in  a  medium  of  constant  but  higher  temperature,  their  tempera- 
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tare  will  rise  at  unequal  rates.  These  unequal  masses  may  be 
thermometers  with  similar  but  unequal  bulbs.  Under  the  same 
conditions  they  will  lose  or  gain  heat  at  unequal  rates.  If,  at  any 
epoch,  they  and  the  air  in  which  they  hang  are  at  the  same 
temperature,  and  the  temperature  of  the  air  is  changed  to  another, 
which  is  kept  constant,  it  is  clear  that  at  equal  intervals  of  time 
from  the  initial  epoch  the  two  thermometers  will  have  and  will  show 
different  temperatures,  although  their  scales  may  be  without  error. 
Further,  in  the  ordinary  course  of  diurnal  variations  of  temperature 
these  two  thermometers  will  never  again  show  the  same  temperature 
except  for  a  moment  of  time  when,  in  the  exigencies  of  their  different 
rates  of  cooling  and  heating,  their  thermal  paths  cross. 

The  importance  of  self-recording  thermometers  for  supplying  a 
continuous  record  of  the  temperature  of  the  air  and  of  its  variations 
is  well  understood.  The  form  of  instrument  most  commonly  used  is, 
on  account  of  its  compactness  and  comparative  cheapness,  that 
known  as  Richard's  recorder.  It  is  usual  to  control  its  indications 
by  reading  a  standard  mercurial  thermometer  hung  along  side  of  it, 
and  it  is  a  very  common  practice  to  make  this  reading  at  9  a.m., 
when  the  temperature  of  the  air  is  changing  most  rapidly.  When 
the  paper  is  removed,  the  temperatures  taken  from  the  curve  traced 
will  be  corrected  so  as  to  bring  them  into  harmony  with  the  9  a.m. 
readings  of  the  mercurial  thermometer.  Except  in  the  very  unlikely 
case  of  the  mercurial  and  the  recording  thermometers  having  the 
same  rates  or  terms  of  cooling,  error  will  be  introduced  and  not 
eliminated  by  this  proceeding.  The  temperature  of  the  air  is  as 
good  as  constant  for  a  considerable  time  at  the  hour  of  the  diurnal 
maximum,  which  is  usually  about  2  p.m.  This  is  the  hour  to 
compare  the  recorder  with  the  mercurial  thermometer. 

Again,  if  the  wet  and  dry  bulb  thermometers  are  not  exactly 
equal  and  similar — and  they  never  can  be — their  indications  are  not 
exactly  comparabls  in  air  of  changing  temperature  or  humidity. 

These  few  remarks  will  show  the  practical  importance  of  a 
knowledge  of  the  rate  or  term  of  cooling  of  every  thermometer  used 
in  a  meteorological  observatory,  and  of  the  application  of  it  to  the 
correction  of  observations.  They  also  show  the  supreme  technical 
importance  of  making  such  thermometers  according  to  a  perfectly 
aniform  pattern. 

When  the  thermometer  was  a  novelty  and  philosophers  studied 
its  resources  and  applications  in  every  direction,  the  importance  of 
this  constant  was  fully  recognised,  and  the  application  of  it  to 
observations  was  insisted  on. 
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With  the  prevalent  dilettante  character  of  meteorology  its  exist- 
ence was  forgotten,  and  its  application  feU  into  desuetude. 

The  subject  is  dealt  with  in  great  detaQ  and  quite  exhaustively 
in  the  works  of  Newton,  Lambert,  Leslie,  and  others.  For  profound 
but,  at  the  same  time,  simple  treatment  of  this  interesting  subject, 
the  writings  of  these  great  men  cannot  be  surpassed. 

The  method  of  determining  the  rate  or  term  of  cooling  of  a 
thermometer  is  simplicity  itself ;  indeed,  it  can  be  carried  out  even 
in  a  shop,  so  that  we  need  never  buy  a  thermometer  in  ignorance  of 
what  may  be  termed  its  thermal  nimbleness. 

The  necessary  observations  are  best  made  in  a  dwelling-room  of 
fair  size,  in  which  the  air  remains  for  at  least  a  considerable  time  at 
a  constant  temperature.  The  thermometer,  which  is  not  attached  to 
any  backing,  is  whirled  in  the  air  until  it  assumes  a  constant 
temperature.  This  is  noted  as  the  temperature  of  the  air  at  the 
time.  The  thermometer  is  then  himg  up  in  the  middle  of  the  room, 
and  a  reading  telescope  should  be  set  up  at  a  little  distance  from  it, 
so  that  its  scale  can  be  read  without  approaching  too  near.  Except 
in  particular  cases,  as  for  persons  who  are  short-sighted,  the  telescope 
is  not  absolutely  indispensable.  The  bulb  of  the  thermometer  is  then 
warmed  in  any  convenient  way,  as  by  the  heat  of  the  hand  through 
a  fine  cloth,  to  prevent  soiling  the  glass.  The  temperature  of  the 
thermometer  should  be  raised  from  fifteen  to  twenty  degrees  above 
that  of  the  air.  It  is  then  allowed  to  cool  while  hanging  quite 
motionless  in  the  air.  When  its  temperature  .  has  fallen  a  few 
degrees  time  is  taken  to  the  nearest  second  when  the  mercury  passes 
a  given  division.  It  is  then  observed  as  it  falls,  at  regular  equal 
intervals  of  time.  The  length  of  these  intervals  of  time  is  regulated 
by  the  rapidity  with  which  the  thermometer  cools,  and  may  con- 
veniently be  5,  10,  20,  30,  or  even  60  seconds.  The  observations 
should  b3  continued  until  the  temperature  of  the  thermometer  has 
fallen  to  about  two  degrees  above  that  of  the  air.  This  should  not 
have  changed  during  the  operation.  If  there  has  been  any  sensible 
variation  the  observations  should  be  rejected,  and  the  operation 
should  be  repeated  when  there  is  no  variation. 

The  principle  which  should  find  interpretation  in  the  observations 
is  that  in  equal  intervals  of  time  the  bulb  of  the  thermometer  loses  equal 
fractions  of  the  heat  which  it  possessed  at  the  beginning  of  tJte  internal. 
Here  heat  is  understood  to  mean  excess  of  heat,  or  the  heat  corre- 
sponding to  temperatures  above  that  of  the  medium  in  which  the 
thermometer  is  cooling. 

If  time  has  been  taken  when  the  temperature  of  the  thermometer 
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is  exactly  10°  above  that  of  the  air,  and  it  is  found  that  in  the  Ist 
second  it  falls  to  9° '9,  then  at  the  end  of  the  1st  second  the  heat 
remaining  is  only  ^^^  of  the  initial  amount  which  we  may  represent 
by  unity,  and  in  the  interval  it  has  lost  j^^  of  the  amount  that  it 
had  at  the  beginning  of  the  intervaL  If  the  above  principle  holds 
good,  it  must  lose  in  the  2nd  second  ^^  of  the  amount  which  it 
has  at  the  beginning  of  that  second,  and  at  the  end  of  the  2nd 
second  the  heat  remaining  will  be  -^^  of  the  amount  which  was 
present  at  the  beginning  of  that  second.  But  the  amount  present 
at  the  beginning  of  the  2nd  second  was  /jf^  of  the  amount  present 
at  the  beginning  of  the  1st  second,  which  is  represented  by  unity. 
Therefore,  referred  to  the  amount  present  at  the  zero  of  reckoning  as 
unity,  the  amount  remaining  at  the  end  of  the  2nd  second  should 
be  {^^qY.  Similarly,  during  the  3rd  second  the  thermometer  loses 
j^Q  of  the  heat  which  it  had  at  the  beginning  of  that  second,  and  the 
amount  remaining  at  the  end  of  the  3rd  second  will  obviously  be 
A%  of  (^Vo)^  or  (^A)^'  Similarly,  at  the  end  of  the  4th,  5th,  6th,  or 
nth  second,  the  heat  remaining  will  be  (tVo)*>  (/^)*»  Wo)*-  •  -(tVa)" 
of  the  original  amount  present  at  the  zero  of  reckoning  represented 
as  unity.  It  is  obvious  that  if  the  law  holds  good,  by  giving  the 
suitable  value  to  the  index  n  we  can  at  once  calculate  the  proportion 
of  heat  which  wiD  remain  after  any  number  of  seconds  of  cooling ; 
and  it  is  also  obvious  that  so  long  as  the  temperature  of  the 
medium  remains  constant,  the  thermometer  can  never  exactly  reach 
that  temperature,  although  the  difference  of  the  temperatures  may 
be  made  as  small  as  we  like  by  making  the  duration  of  cooling 
sufficiently  long. 

It  has  been  said  that  by  giving  n  the  suitable  value,  we  can  at 
once  find  the  heat  remaining  after  the  lapse  of  any  time.  But  the 
computation  of  high  powers  of  numbers  by  ordinary  arithmetic  is 
very  laborious.  If,  instead  of  simple  arithmetic,  we  use  logarithmic 
arithmetic,  the  computation  of  a  liigh  power  is  as  easy  and  expeditious 
as  the  computation  of  a  low  one.  In  the  case  which  we  have  imagined 
the  constant  fraction  is  -j^^.  Its  logarithm  is  log.  99  —  log.  100,  that 
is  1-9956352  -  2  =  0 -9950352  -  1,  which  is  usually  written 
1- 9956352. 

This  is  the  logarithm  of  the  first  power  of  ^jpQ,  which  is  the  heat 
remaining  at  the  end  of  the  1st  second  of  cooling.  If  we  multiply 
1-9956352  by  2  we  have  the  logarithm  of  the  square  of  ^Vu*  ^"^  ^  ^® 
multiply  it  by  3,  4  ...  71  we  have  the  logarithms  of  the  3rd,  4th  .  •  . 
nth  power  o{^^^,  that  is,  of  the  heat  remaining  at  the  end  of  the  3rd,  4th 
. .  .nth  second.     These  logarithms  differ  from  each  other  by  the  same 
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amount  Therefore  we  have  the  foDowing  rule :  If  the  initial  excess 
of  the  temperature  of  the  thermometer  above  the  temperature  of  the 
ah*  is  t,  and  in  any  interval  of  time  dO  it  falls  to  (t  —  dt),  then  after 
any  number  n  of  such  intervals  (d  6)  the  logarithm  of  the  fraction  of 

excess  temperature  remaining  is  n  log.  I  -^ — j ;  and  by  multiplying 

the  number  corresponding  to  this  logarithm  by  t,  the  excess  of  tem- 
perature of  the  thermometer  after  n  intervals  of  time,  each  equal  to 
d  0,  is  given. 

The  law  which  has  just  been  explained  is  Kewton's  law  of  cooling, 
often  called  the  logarithmic  law.  It  is  worthy  of  remark  that  New- 
ton looked  upon  this  law  aa  axiomatic  and  self-evident*  the  moment 
it  is  stated,  and  he  did  not  think  that  it  required  experimental  de- 
monstration. It  did  not  escape  question,  notably  by  Amontons ;  and 
Lambert,  in  vindication  of  Newton,  although  he  had  held  that  the 
law  was  self-evident,  carried  out  a  beautiful  series  of  experiments, 
which  are  detailed  at  length  in  the  third  part  of  his  classical  work 
on  Pyrometry*  and  the  measurement  of  heat.  They  completely  bore 
out  Newton's  law. 

The  method  of  making  the  experiment  has  just  been  described, 
and  as  it  is  important  that  every  one  should  be  familiar  with  the 
practice  of  it,  we  give  an  actual  example.    (See  Table  XI.) 

The  experiment  here  recorded  was  made  under  very  favourable 
circumstances  in  the  month  of  September  in  a  large  room  the  tem- 
perature of  which  was  sensibly  the  same  aa  that  of  the  aip  outside, 
namely  20° '2  C,  and  this  remained  quite  constant  for  a  much  longer 
time  than  was  required  for  the  experiment ;  indeed,  it  hardly  varied 
at  all  during  the  day.  The  results  are  instructive,  because  they  give 
a  good  idea  of  the  kind  of  agreement  between  observation  and  theory 
which  we  have  a  right  to  expect.  The  temperature  was  observed  at 
every  ten  seconds.  The  initial  excess  of  the  temperature  of  the  ther- 
mometer over  that  of  the  air  is  8'0°,  and  log.  8*0  =  0-9031.  After 
the  first  interval  of  cooling  the  excess  is  6*8°,  and  log.  6'8  is  0*8325. 

Taking  the  initial  excess  as  unity,  the  fractional  excess,  or  the  heat 

6*8 
remaining  after  the  first  interval  of  ten  seconds,  is  — — ,  and  its  loga- 
rithm is  0-8325  -  0-9031  =  1*9294  =  log.  y^.    After  the  second 
interval  of  ten  seconds  the  excess  is  5*8,  and  log.  5*8  =  0*7634. 

The  fractional  excess  after  the  second  interval  is  -— ^,  and  its  loga- 
rithm is  0-7634  -  0-9031  =  1-8603. 

*  '  Pyrometrie  oder  vom  Maasse  des  Feuers  and  der  W&rmet'  Ton  Johann  Heinrioh 
Lambert.    4to.    Berlin,  1779. 
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According  to  the  theory  which  has  been  explained  above,  if  the 
thermometer  in  cooling  loses  in  each  equal  interval  of  time  exactly 
the  same  fraction  of  the  excess  heat  which  it  held  at  the  beginning 
of  the  interval,  and  if  the  observations  are  without  error,  then  the 
logarithms  of  the  fractional  excess  after  the  second  interval  ought  to 
be  2  X  1-9294  =  1-8588  in  place  of  1-8603,  as  above.  The  differ- 
ence is  obviously  not  great.  In  order  to  know  what  it  amounts  to  in 
the  observation  of  the  temperature  we  have  1'8588  +  0-9031  = 
0"7619  =  5*78^  which  ought  to  be  the  excess  of  the  temperature  of 
the  thermometer  over  that  of  the  air,  if  the  thermometer  foDows  the 
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9 
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law  and  if  the  first  two  observations  are  exact.  The  agreement  with 
the  observed  difference,  5  *  80"",  is  quite  satisfactory.  But  we  know 
that  no  observations  are  free  from  error,  which  must  affect  the  first 
observations  as  well  as  the  others.  In  the  table  we  have  the  observa- 
tions made  at  the  end  of  each  of  nine  consecutive  intervals  of  ten 
seconds.  In  the  seventh  column  of  the  table  we  have  the  differences 
of  the  consecutive  logarithms  of  the  fractional  excesses  remaining. 
Theoretically  these  differences  ought  to  be  identical.  They  are  not ; 
and  their  variations  are  irregular.  We  may  therefore  take  the  mean 
difference,  which  is  0  •  0669,  and  with  it  calculate  what  ought  to  be 
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the  excess  remaining  after  each  interval  of  ten  seconds.  The  initial 
fractional  excess,  yo»  is  1,  and  its  logarithm  is  0.  Subtracting  0*0669 
we  get  I  •  9331  =  log.  yi ;  and  again  subtracting  0  •  0669  we  get  1  •  8662 
=  log.  ya ;  and  so  on.  The  logarithms  obtained  are  found  in  the 
eighth  column  of  the  table.  In  the  ninth  column  we  have  the  sum 
of  log.  8*0,  or  0*9031,  and  the  respective  numbers  in  the  eighth 
column.  They  are  the  logarithms  of  the  calculated  thermometric 
excesses.    These  are  given  in  the  tenth  column. 

The  first  and  the  last  entries  in  this  column  necessarily  agree  with 
the  observed  values  in  the  fourth  column.  The  greatest  difference  is 
0  •  OS"*,  so  that  the  actual  rate  of  cooling  may  be  held  to  agree  fairly 
well  with  the  rate  which,  according  to  theory,  we  ought  to  observe 
if  the  bulb  of  the  thermometer  were  a  perfectly  homogeneous  body  of 
infinite  thermal  conductivity  and  of  symmetrical  shape,  cooling  in  a 
vacuum  enclosed  by  walls  having  a  definite  and  constant  tempera- 
ture. We  know  that  this  description  fits  neither  the  thermometer 
nor  the  room  in  which  it  was  cooling.  The  shape  of  the  bulb,  whether 
it  be  cylindrical  or  spherical,  is  not  symmetrical  in  the  above  sense, 
because,  for  purposes  of  observation,  the  thermometer  must  always 
have  a  stem,  and  the  part  of  the  bulb  where  it  is  united  to  the  stem 
is  exposed  to  different  conditions,  as  regards  cooling,  from  the  other 
parts  of  it.  Although  the  thermal  conductivity  of  the  bulb  of  a  mer- 
curial thermometer  is  not  perfect,  its  degree  of  imperfection  is  not 
such  as  to  introduce  much  error  into  observations  of  this  kind.  The 
temperature  of  the  room,  and  no  doubt  that  of  its  walls,  was  very 
constant,  but  of  course  there  was  no  vacuum. 

The  instrumental  deformity  introduced  by  the  necessity  of  a  stem 
for  the  thermometer  must  always  introduce  some  deviation  from  the 
normal  rate  of  cooling,  but  it  Ls,  as  thermometers  are  made,  not  prac- 
tically of  much  importance.  The  disturbing  element  which  takes 
precedence  of  all  others  is  the  air. 

The  conditions  in  which  the  experiments  quoted  in  the  table 
were  made  were  as  favourable  as  they  could  be,  and  it  would  not 
be  possible  to  get  air  more  motionless  than  it  was.  But  however 
motionless  the  mass  of  the  air  may  be,  a  thermometer,  or  any  other 
object,  suspended  in  it,  and  having  a  higher  temperature,  must  produce 
convection  currents  in  its  immediate  neighbourhood,  which  wiU  be 
the  more  energetic  the  greater  the  difference  of  temperature.  Hence 
the  conditions  under  which  a  thermometer  cools  in  air  are  complex. 
In  the  first  place  it  cools  by  radiation  to  its  surroundings,  and,  set- 
ting aside  instrumental  imperfections,  this  takes  place  independently, 
as  it  would  in  a  vacuum,  according  to  the  logarithmic  law,  losing 
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equal  fractions  of  heat  in  equal  times.  In  the  second  place  it  loses 
heat  by  contact  with  the  air,  and  the  rate  at  which  this  loss  takes 
place  depends  on  the  rate  of  renewal  of  successive  envelopes  of 
fresh  air,  and  this  diminishes  as  the  temperature  of  the  thermo- 
meter approaches  to  that  of  the  air  in  which  it  is  cooling.  This 
explains  why  the  term  of  cooling  when  the  thermometer  is  only  one 
or  two  degrees  warmer  than  the  air  is  greater  than  when  it  is  five 
to  fifteen  degrees  warmer.  K  differences  of  temperature  amount- 
ing to  10°  or  15**  C.  are  used,  the  terms  of  cooling  found  are  very 
concordant 

In  the  case  detailed  in  the  Table  XI.,  p.  127,  the  observations 
were  made  at  equal  intervals  of  ten  seconds,  and  the  mean  loga- 
rithmic difference  (dl)  was  found  to  be  0*0669,  and  the  logarithm 
of  the  fraction  remaining  after  the.  lapse  of  the  first  interval  (log.  yi) 
was  1*9331,  whence  t/i  =  0*8572.     Now  the  fraction  f  is  expressed 
by  the  circulating  decimal  0  •  857142,  therefore  yi  =  f ,  and  in  each 
interval  of  ten  seconds  the  loss  of  heat  is  if  of  the  amount  which  was 
present  at  the  beginning  of  it     Therefore,  if  in  each  succeeding  in- 
terval of  ten  seconds  the  same  amount  of  heat  were  lost,  the  whole  of 
the  excess  of  heat  would  disappear  in  seven  such  intervals,  or  in 
seventy  seconds.    Therefore,  the  arithmetical  result  which  we  arrive 
at  from  observations  made  at  intervals  of  ten  seconds  is  that  the 
term  of  cooling  of  the  thermometer  is  seventy  seconds. 

But  if  0*0669  is  the  logarithmic  difference  for  ten  seconds,  then 
0*00669  is  the  logarithmic  difference  for  one  second,  0*000669  for 
one-tenth  of  a  second,  0*0000669  for  one-hundredth  of  a  second,  and 
80  on.  The  resulting  terms  of  cooling  derived  from  these  different 
intervals  and  logarithmic  differences,  and  the  method  of  arriving  at 
them,  will  be  apparent  from  the  following  table  : 

Table  XII. 


Length  of  interral  (Beconds)  .     ,  dO 

Logirithmic  differenoe     .     .  .     ,  eU 

Log.  flnt  fractional  excees  log.  y, 

fnetiaa    remaining   at   end  of  flrat\ 


inteiral 
Fbetion  lost  in  first  interval 
SedpiDoal  of  ftaction  loet 

Term  of  cooling,  in  aeos.,  d  B 


I 


1-y 


=  B 


10 

1 

01 

0*0669 

0-00669 

0000669 

I- 9331 

r- 99331 

r 999331 

0-8572 

0-984714 

0-99846 

0  1428 

0-015286 

000154 

7 

65*4193 

649-35 

70 

65-4 

64-9 

0-01 
0-0000669 
i- 9999331 

0-999846 

0-000154 
6193-5 

64-9 
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The  rule  *  for  finding  the  term  of  cooling  referred  to  the  shortest 
possible  intervals  of  time,  and  the  smallest  logarithmic  differences, 
from  observed  values  oi  dO  and  dl  is:  Divide  the  modtUus  of  the 
system  of  logarithms,  0  *  434295  by  the  logarithmic  difference  d  I,  and 
multiply  the  quotient  by  the  interval  of  time  d  0.  The  product  is  the 
term  of  cooling  expressed  in  the  same  units  of  time  thai  have  been 
used  in  expressing  the  time  interval  d  0, 

For  the  above  case  we  have  for  the  true  term  of  cooling — 

_      0-434295 

=    Q.Qggg    X  10  =  64-917  seconds. 

In  the  application  of  this  rule  we  may  make  the  interval  any- 
thing we  please.  We  may,  therefore,  choose  it  so  that  the  loss  of  heat 
during  it  is  expressed  by  a  simple  fraction,  such  as  one-half.  The 
convenience  of  this  method  was  first  pointed  out  by  Leslie,  and  it 
affords  by  far  the  best  practical  method.  It  is  sufficient,  for  instance, 
to  heat  the  thermometer  to  10°  or  11*^  above  the  temperature  of  the 
atmosphere,  take  time  when  it  is  exactly  8°  warmer  than  the  air,  and 
again  when  its  temperature  has  fallen  to  4°  above  that  of  the  air. 
The  excess  heat  present  at  the  beginning  of  the  interval  is  1,  and 
that  at  the  end  of  the  interval  is  J.     Then  we  have — 

dl  =  log.  1  -  log.  i  =  0-30103 ; 

and  the  term  of  cooling  is 

0-434295 
"■   0-30103      ^' 

or,  very  approximately,  E  =  ~tjk-  d  0, 

Hence  the  rule  to  find  the  term  of  cooling  when  the  time  in 
which  one-half  of  the  heat  excess  is  lost  is :  Multiply  that  intervai 
d  0  by  101  and  divide  it  by  70.     Tfie  quotient  is  the  term  of  cooling. 

It  is  evident  that  tliere  is  no  difficulty  in  making  this  observation 
in  a  shop,  and  the  time  in  which  the  instrument  loses  half  its  heat 
is  sufficient  without  further  computation  to  give  a  good  idea  of  what 
has  been  called  its  thermal  nivMeness.  The  want  of  a  term  commonly 
used  to  express  this  important  property  shows  how  much  the 
property  itself  has  been  neglected. 

Table  XIII.  gives  an  example  of  the  use  of  the  method  of  the 
"  half-fall "  in  the  case  of  a  thermometer,  first  with  its  bulb  plain, 
and  secondly  with  its  bulb  silvered. 

*  *  Experimental  Inquiry  into  tbe  Nature  of  Heat,'  by  John  Leslie.    Edinburgh, 
1804.    Page  265. 
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It  will  be  seen  that  silvering  the  bulb  has  in  this  case  increased 
the  term  of  cooling  in  the  proportion  of  about  3  to  4,  and  the  rate  of 
cooling  is  diminished  in  the  inverse  proportion.  Also  for  initial 
excesses  of  temperature  between  16°  and  6°  the  terms  of  cooling  are 
very  concordant  In  both  cases  they  increase  when  the  temperature 
excess  falls  to  4°.  It  is  to  be  observed  that  not  only  is  the  effect  of 
convection  less  powerful  at  low  temperatures,  but  any  slight  change 
in  the  temperature  of  the  air  makes  itself  more  felt  when  the  differ- 
ence between  it  and  that  of  the  thermometer  is  small,  than  when  it 
is  great. 

Table  XIII. 


BoIbPUIn. 

Rxonm  of 
Temperature. 

Bulb  Silvered. 

Tcnnof 
GboUac. 

'Tbne  In  which 
half  th«  exocM 
to  lost 

Epoch. 

Epoch. 

Time  in  which 

half  the  exce« 

is  lost 

Term  of 
Cooling. 

157 
156 
157 
157 
141 

162 

180 

•PCS. 

109 
108 
109 
109 
98 

112 

125 

•ecB. 
0 

20 

45 

75 

109 

128 

154 

184 

207 

266 

332 

OC. 
16 

14 

12 

10 

8 

7 

6 

5 

4 

3 

2 

sees. 
0 

23-5 

54 

92 
137 
167 
198 
236 
283 
343 
433 

eecfl. 
137 

143-5 

144 

144 

146 

145 

150 

■ecs. 

198 

207 
208 
208 
211 

209 

216 

The  Use  of  the  Thermometer  for  Measuring  the  Velocity  of  Weak 
OurretUs  of  Air. — ^The  difference  between  motionless  air  in  a  room 
and  calm  air  outside  is  best  shown  and  is  accurately  measured  by  the 
difference  between  the  terms  of  cooling  of  the  same  thermometer  as 
determined  in  the  one  medium  and  then  in  the  other.  This  diffei*ence 
is  due  to  the  fact  that  calm  air  outside  is  not  motionless,  while  in  a 
room  of  constant  temperature  it  is  practically  so.  It  is  evident  that 
if  the  difference  is  caused  by  the  motion  of  the  air,  then  that  differ- 
ence must  also  be  a  measure  of  the  motion.  As  has  been  pointed  out 
above,  this  was  perceived  by  Leslie,  and  he  gives  formulae  *  for  cal- 
culating the  velocity  of  the  wind  from  the  reduction  of  the  term  of 
cooling  of  a  tin  vessel  holding  about  half  a  litre  of  water. 


*  Loe.  oil,  p.  283. 
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If  R  be  the  term  of  cooling  in  still  air,  or  the  fundamental  term 
of  cooling,  and  r  be  the  occasional  term  of  cooling  when  the  air  is 
moving  with  any  velocity  v,  then  Leslie  gives  the  following  expres- 
sions for  this  velocity : 

20     R  -  r  . 


V  = 


3  r 


in  feet  per  second ; 


E  —  r 
or,  V  =  44 in  miles  per  hour. 

^Converting  into  metrical  units,  we  have 

R  —  r 
V  =  2*032 in  metres  per  second. 

It  is  right  to  observe  that  R  in  Leslie's  equations  is  the  term  of 
cooling  of  his  flask  of  water  when  suspended  "  out  of  doors,  on  a  calm 
evening" 

Difference  between  a  Calm  Indoors  and  a  Calm  Out-of-Doors, — 
The  preceding  equations  give  the  diminution  of  the  term  of  cooling 
produced  by  sensible  wind  as  compared  with  a  calm,  both  being 
out-of-doors.  It  does  not  appear  that  Leslie  distinguished  between 
a  calm  indoors  and  a  calm  out-of-doors. 

Returning  to  Table  XI.  at  page  127,  we  find  the  term  of  cooling  of 
the  thermometer  to  be  in  round  numbers  65  seconds  in  the  still  air 
of  a  room.  A  number  of  observations  were  made  with  the  same 
instrument  in  the  open  air  in  very  calm  fine  weather.  The  method 
of  the  "  half-fall "  as  exemplified  in  Table  XIII.  was  used,  the  excesses 
of  temperature  used  being  12°,  10°,  8°  and  6°  C.  The  experiments 
were  made  in  Edinburgh  on  September  16,  1894,  during  very  fine 
anticyclonic  weather.  All  the  afternoon  the  air  was  perfectly  calm. 
The  smoke  from  chimneys  went  straight  up  and  indicated  no  hori- 
zontal component  of  motion. 

In  the  following  table  the  "half-falls"  for  different  initial 
excesses  at  different  times  during  the  afternoon  are  given,  which 
show  the  extent  of  their  agreement.    The  mean  "  half-fall "  is  then 

converted  into  the  term  of  cooling  by  multiplying  by  -j—. 

This  table  shows  well  what  great  differences  may  exist  in  the 
calmness  of  calm  air.  Nobody  doubts  that  such  motions  do  occur ; 
otherwise  it  would  be  impossible  for  the  permanent  difference  of 
temperature  which  is  found  generally  to  exist  at  different  elevations 
in  the  atmosphere  to  be  maintained ;  and  it  is  interesting  to  have  a 
means  of  gauging  them. 

In  order  to  obtain  a  standard  of  measrirement,  a  number  of 
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observations  were  made  by  moving  the  thermometer  at  different 
velocities  in  the  air  of  the  room,  and  observing  the  rates  of  cooling- 
Dealing  only  with  low  velocities  it  was  found  that  while  in  perfectly 
still  air  the  term  was  65  seconds ;  when  moving  through  the  air  at 
the  rate  of  2  m.  per  second  the  term  was  17 '2  seconds;  and  when 
the  velocity  was  1  m.  per  second  it  was  24*6  m.  per  second;  while  at 
0*5  m.  per  second  the  term  was  30  seconds.  Allowing  that,  whether 
moved  or  not,  the  cooling  of  the  thermometer  goes  on  independently 
at  the  still-air  rate  of  ^  per  second,  and  subtracting  this  from  the 
reciprocals  of  the  above  numbers,  we  have  the  rates  of  cooling  due  to 
motion  of  the  air ; — at  the  rate  of  2  m.  5^,  of  1  m.  ^,  and  of  i  m.  per 
second  t^,  the  rate  of  cooling  in  calm  air  being  ^.  The  reciprocals 
of  these  fractions,  or  the  terms,  are  24,  40,  56  and  65,  which  are  in 
the  proportion  3:5:7:8. 

Tablb  XIV. 


Time  P.M. 

KxetM. 

ia.4B 

I'lO 

1.40 

a.io 

6.30 

Duration  of  Half-Call  in  Seconds. 

120  c. 
lO^C. 

6°C. 

26 
25 
27 
27 

■  • 

31 
31 

S3 
86 
36 
30 

22 
22 
25 
81 

36 
36 
35 
33 

Mean 

26-25 

81 

33-75 

25 

35 

Term 

37-9 

44-7 

48-7 

36-0 

50-5 

The  importance  of  these  figures  is  that  they  show  that  thermo- 
meters in  the  open  air,  even  when  the  air  appears  to  be  calm,  are  in 
reality  well  ventilated.  In  a  room,  the  temperature  of  the  dry  bulb, 
and  still  more  that  of  the  wet  bulb,  are  very  imperfectly  given  by  a 
stationary  thermometer;  both  thermometers  must  be  whirled  in 
order  to  get  anything  like  exact  observations.  In  the  thermometer 
screens  of  a  meteorological  station  the  instruments  are  certainly  well 
ventilated  when  there  is  a  wind ;  and  we  see  that,  even  in  a  calm, 
the  ventilation  may  be  sufficient. 

The  Thermometer  as  a  Calorimetet'. — The  term  of  cooling  of  a 
thermometer  and  the  method  of  its  determination  have  been  dwelt 
on  at  considerable  length;  because  the  information  regarding  it  to  be 
foond  in  manuals  is  usually  defective.    The  same  remark  applies  to 
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the  thermal  rnass  of  the  bulb  of  the  thermometer  and  the  method 
of  determining  it.  When  we  have  these  two  constants,  namely,  the 
term  of  cooling  and  the  thermal  mxiss,  the  thermometer  hecomes  a 
calorimeter,  and  its  radius  of  research  is  miich  increased. 

The  thermal  mass  of  the  bulb  of  a  thermometer  is  completely 
specified  if  we  know  (a)  the  weight  of  mercury  which  it  contains ; 
(b)  the  weight  of  the  glass  which  forms  the  envelope ;  (c)  the  specific 
heat  of  mercury ;  and  (d)  the  specific  heat  of  the  particular  glass  used. 
As  the  mercury  used  for  thermometers  must  be  perfectly  pure,  c  is 
known.  Many  different  kinds  of  glass  are  used,  and  the  information 
regarding  their  specific  heat  is  very  defective.  This  constant  should 
therefore  be  determined  for  the  particular  sample  of  glass  used  in 
the  construction  of  the  thermometers.  By  working  in  association 
with  the  thermometer  maker  there  is  no  difficulty  in  ascertaining  the 
exact  weight  of  mercury  in  the  thermometer,  or  that  of  the  glass 
which  goes  to  the  bulb.  Then  if  we  multiply  the  weights  of  these 
substances  used  by  their  respective  specific  heats,  the  sum  of  the 
products  is  the  thermal  mass  of  the  bulb  expressed  as  the  weight,  in 
grammes,  of  water,  which  is  thermally  equivalent  to  it.  This  constant 
is  usually,  and  conveniently,  called  the  water  value.  Calorimetry  is 
an  important  department  of  physics  and  physical  chemistry,  and  the 
methods  of  determining  water  values  are  given  in  all  treatises  on 
the  subject.  Where  the  size  of  the  thermometer  is  considerable 
the  specific  heat  of  its  bulb  can  be  determined  directly  by  the 
old  "method  of  mixtures,"  the  thermometer  itself  being  one  party 
to  the  mixture.  As  the  term  of  cooling  of  a  thermometer  increases 
in  proportion  to  the  size  of  the  bulb,  it  is  clear  that  thermo- 
meters intended  for  meteorological  use  should  have  as  small  bulbs  as 
possible,  and  the  method  of  mixtures  is  not  applicable  for  the 
determination  of  their  thermal  masses.  Again,  it  is  out  of  the 
question  to  expect  these  thermometers  to  be  constructed  so  that  the 
respective  weights  of  mercury  and  of  glass  in  their  bulbs  shall  be 
accurately  known.  The  following  method  of  determining  this  con- 
stant is  very  convenient.  It  depends  on  mensuration,  and  was 
published  by  the  writer  in  1894.* 

EstiToation  of  tfie  Thermal  Mass  of  the  Bvlh  of  a  Thermometer  by 
Mensuration. — The  method  is  shortly  stated  in  the  following  Eule : 
Determine  the  external  volume  or  displacement  of  the  bvlb  in  cubic  centi- 
metres ;  multiply  itby  0'  475,  and  the  product  is  the  water  value  of  the 

♦  *  On  Rapid  Variations  of  Atmospheric  Temperature,  especiaUy  during  Fdhn^  and 
the  metlioda  of  observing  them/  by  J.  Y.  Buchanan,  F.B.8.  Proe.  R.  8.  (1894),  vol.  ItI 
p.  126. 
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hdb  in  grammes.  The  factor  0  •  475  which  occurs  in  this  rule  is  arrived 
at  as  follows:  The  density  of  mercury  is  13*596,  and  its  specific 
heat  is  0*033,  therefore  the  capacity  for  heat  of  1  c.c.  is  the  same  as 
that  of  0*4486  grm.  of  water.  The  density  of  ordinary  glass  may  be 
taken  at  2  *  6  and  its  specific  heat  at  0  *  198,  whence  the  capacity  for 
heat  of  1  c.a  of  glass  is  the  same  as  that  of  0  •  5148  grm.  water.  There- 
fore when  referred  to  unit  volume  the  specific  heats  of  these  two  bodies 
are  very  nearly  identical,  and  if  we  have  the  total  volume  and  apply  the 
mean  of  the  above  values,  the  result  will  be  a  very  close  approximation 
to  the  water  value  of  the  bulb,  quite  independently  of  the  exact  pro- 
portion in  which  the  mercury  and  the  glass  enter  into  its  construction. 
Suppose  that  the  displacement  of  the  bulb  were  1  ac  and  that  the 
glass  were  infinitely  thin,  so  that  the  bulb  were  all  mercury,  then  its 
water  value  would  be  0  *  4486  grm.  If,  on  the  other  hand,  the  internal 
volume  of  the  bulb  were  infinitely  small,  so  that  it  consisted  entirely 
of  glass,  its  water  value  would  be  0*5148  grm.  But  the  bulbs  of 
thermometers  of  most  ordinary  patterns  are  very  much  alike  in 
construction.  It  is  not  usual  in  the  construction  of  even  the  best 
instruments  to  take  into  account  the  amount  of  mercury  or  of  glass 
present  in  the  bulb.  Such  data  are  available  only  in  the  case  of 
thermometers  especially  constructed  for  use  in  calorimeters.  As 
they  are  themselves  parts  of  the  calorimeter,  their  heat  constants 
must  be  ascertained;  and,  as  was  pointed  out  above,  this  is  most 
easily  and  most  accurately  done  during  their  construction.  Ber- 
thelot*  gives  the  thermal  constants  of  three  thermometers  which 
were  determined  during  construction.  These  are  embodied  in  columns 
1, 2  and  3  of  the  following  table.  Column  4  refers  to  a  thermometer 
belonging  to  the  writer ;  it  is  by  Chabaud,  of  Paris,  and  is  constructed 
for  use  with  Berthelot's  calorimeter.  The  data  have  been  ascertained 
daring  construction,  and  are  engraved  upon  the  stem. 

In  the  following  table  the  numerical  data  in  the  first  part  are 
taken  from  'Berthelot's  Mechanique  Chimique,'  pp.  162,  167. 

In  this  table  the  fundamental  gravimetric  data  are — b  the  weight 
of  mercury  and  d  the  weight  of  glass  in  the  bulb — both  of  which  are 
furnished  by  the  makers,  whose  names  are  given  in  line  a.  In 
columns  1,  2  and  3  the  water  values  of  the  mercury  and  the  glass,  c 
and  e,  are  given  by  Berthelot.  In  column  4  they  were  calculated, 
using  0*033  as  the  specific  he^t  of  mercury  and  0*198  as  that  of 
f^lass,  and  the  constant  sought  and  arrived  at  in  this  part  of  the  table 
is/,  the  water  value  of  the  bulb  as  a  whole.     The  second  part  of  the 


*  *  EtMd  de  Meohanique  ohimiqae,  fonde^  sur  la  Thermochimie,*  par  M.  Berthelut 
Membre  de  rimtitnt,  Paris.    Dunod,  1879. 
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table  is  based  on  the  same  gravimetric  data,  namely  the  weight  of 
mercury  and  of  glass  (b  and  d).  From  these  the  volumes  are  calcu- 
lated, taking  13*596  as  the  density  of  mercury  and  2*6  as  that  of 
glass,  and  they  are  given  in  lines  g  and  i  respectively.  When  the 
specific  heat  of  a  body  is  spoken  of  without  further  qualification,  the 
water  value  of  1  grm.  of  the  substance  is  meant.  When  we  are 
dealing  with  volimies,  we  require  to  know  the  specific  heat  per 
unit  volume,  and  that  is  the  water  value  of  1  c.c.  of  the  substance. 

Table  XV. — Calobimitbio  Speoifioation  of  TmcRMOMBTiBS. 


GompnUtion  of  tb«  Water  Value  of  the  Bulb  from  Date  eapplied  by  the  Malcer. 


Maker  of  thermometer 

Weight  of  mercury,  grms 

Water  yalue  of  mercury,  grma.      .     .     . 

Weight  of  glass,  grma 

Water  ralae  of  mercury,  grma.      .     .     . 
Water  value  of  bulb,  grma.  e  +  e  = 


a 

Faatr^ 

Baudin 

Tonnelot 

h 

18008 

30-20 

3-781 

e 

0*60 

101 

0  126 

d 

3075 

2*43 

0-599 

6 

0-61 

0-49 

0-120 

/ 

1-21 

1-50 

0-246 

Chabaud 
25-09 
0-828 
2*58 
0-511 
1-839 


Calculation  of  Water  Value  of  Bulb  and  of  its  Specific  Heat  per  Unit  Volome. 


g 

1-37 

2-221 

0-278 

1-845 

V  oiume  01  mercury,  c.c.               | « .  rq^  ^ 

Water  yalue  of  mercury,  grma.  0*4486^  = 
Volume  of  glass,  c.c.      .     .     .       n^  — 

h 

0-615 

0-996 

0125 

0-828 

i 

118 

0-935 

0-230 

0-990 

Water  value  of  glass,  grms.       0  *  5148t  = 

k 

0-607 

0-481 

0-118 

0-510 

Water  yalae  of  bulb,  grms. .     .    h  +  k  = 

I 

1-222 

1-477 

0-243 

1-338 

Total  yolume  of  bulb,  o.c.    .     .    g  +  t  = 

m 

2-55 

3-156 

0-508 

2-835 

Specific  heat  of  bulb  per  unit  vol.      —  = 

■^                       III 

n 

0-474 

0-475 

0-484 

0-472 

Centesimal  Composition  of  the  Bulb  by  Volume. 


Mercary  Tolumes  per  cent 
Glass  Yolumes  per  cent 


53-75 
46-25 


70-3 
29-7 


54-7 
45-3 


65-1 
34-9 


Now  the  density  of  a  substance,  when  the  metrical  system  is  used,  is 
the  weight  of  1  cc,  therefore  the  weight  of  1  c.c.  of  mercury  is 
13*596  grms.  and  that  of  the  same  volume  of  glass  is  2*6  grms. 
Multiplying  13*596  by  0*033,  the  specific  heat  of  mercury,  we 
obtain  0*4486,  which  is  the  water  value  of  1  cc.  mercury,  or  its 
specific  heat  per  unit  volume.  Multiplying  2*6  by  0*198,  we  obtain 
0*5148  as  the  specific  heat  per  unit  volume  of  glass.  If  now  we 
multiply  the  volume  of  mercury,  g,  by  0*4486  and  the  volume  of 
glass,  I,  by  0*5148,  we  obtain  h  and  k,  the  water  values  of  the 
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Tolumes  of  mercury  and  of  glass  respectively.  The  sum  of  these,  /, 
is  the  water  value  of  the  bulb  as  a  whole.  If  the  values  of  /  be  com- 
pared with  those  of/  in  the  first  part  of  the  table,  the  agreement  will 
be  found  to  be  very  close.  With  regard  to  the  mercury,  there  is  not 
room  for  much  discrepancy,  because  it  is  an  elementary  body,  and  it 
can  be  used  in  the  construction  of  thermometers  only  when  it  is  in 
a  state  of  purity.  It  is  otherwise  with  the  glass.  Neither  Berthelot 
nor  the  makers  give  its  composition,  its  density,  or  its  specific  heat. 
Although  the  composition  of  the  glass  is  of  great  importance,  a  know- 
ledge of  it  is  not  necessary  for  thermometric  or  calorimetric  purposes ; 
on  the  other  hand,  a  knowledge  of  both  the  density  and  the  specific 
heat  of  the  glass  is  essential.  Yet  it  is  very  rarely  famished.  The 
values  used  in  the  table  are  commonly  occurring  ones ;  and  the  agree- 
ment in  the  water  values  of  the  glass  arrived  at  in  the  first  and 
second  parts  of  the  table,  lines  e  and  k,  shows  that  they  apply  to  the 
glass  used.    Having  obtained  the  total  volume  of  the  bulb,  m,  and  its 

water  value  /,  we  obtain  at  once  —  =  n,  the  specific  heat  per  unit 

7n 

▼olnme  of  the  bulb  considered  as  a  whole,  or  in  other  words  it  is  the 
water  value  of  1  c.c.  of  bulb.  The  values  of  n  agree  very  closely, 
the  extremes  being  0-484  and  0*472,  and  the  mean  0*476.  The 
factor  used  in  the  rule,  page  134,  is  0*475,  which  is  a  more  con- 
venient number  than  0*476,  and  it  has  now  been  shown  how  it  is 
arrived  at. 

The  third  part  of  the  table  gives  the  centesimal  composition  by 
volume  of  the  bulbs  of  the  four  thermometers.  The  thermometers 
aie  by  different  makers,  and  the  quantity  of  mercury  in  each  shows 
how  different  they  must  be  in  pattern ;  yet  there  is  great  resemblance 
m  their  composition  by  volimie.  The  mean  composition  is  61 
volumes  of  mercury  to  39  volumes  of  glass,  and  v}e  shall  never  he  far 
wrong  if  we  taJce  the  volumes  of  the  mercury  and  glass  in  a  thermo- 
meter bulb  to  be  in  the  proportion  3  : 2. 

Method  of  Determining  the  External  Volume  or  Displacement  of  tlie 
Bulb. — ^We  have  shown  how  the  factor  0*475  is  arrived  at ;  it  now 
remains  to  show  how  the  volume  or  displacement  of  the  bulb  is  deter- 
mined It  can  be  roughly  ascertained  by  actual  displacement  of 
water  in  a  graduated  vessel,  but  this  method  is  not  sufficiently 
delicate.  When  the  thermometer  has  a  spherical  bulb,  its  diameter 
most  be  measured  with  calipers.  The  result  is  not  usually  satisfac- 
toiy,  because  the  length  to  be  measured  is  very  short,  and  it  is  never 
certain  that  the  bulb  is  truly  sphericaL  Fortunately  it  is  usual 
nowadays  to  make  thermometers  with  cylindrical  bulbs,  and  their 
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volume  is  easily  measured.  Instead  of  using  calipers  a  fine  thread  is 
wound  ten,  twenty,  thirty  or  more  times  round  the  bulb,  then 
unwound  and  its  length  measured ;  this  divided  by  the  number  of 
turns  gives  the  circumference  of  the  cylinder.  The  length  of  the 
cylinder  is  then  measured,  and  its  ends  are  assumed  to  be  hemi- 
spherical. With  the  circumference  thus  determined,  the  diameter 
and  sectional  area  are  calculated,  or,  more  conveniently,  taken  from 
tables.  The  length  of  the  cylinder  multiplied  by  the  sectional  area 
gives  the  volume  of  the  cybndrical  portion.  The  two  hemispherical 
ends  make  up  a  sphere  of  the  same  diameter  as  that  of  the  cylinder, 
and  its  volume  is  likewise  calculated,  or  taken  from  tables.  It  is 
added  to  that  of  the  cylinder,  and  the  sum  is  the  volume  or  displace- 
ment of  the  bulb.  It  is  convenient  to  record  the  measurements  in 
terms  of  the  centimetre,  and  the  volume  is  then  given  in  cubic 
centimetres.  The  external  cooling  surface  of  the  bulb  is  found  by 
adding  the  hemispherical  surface  of  the  exposed  end  to  the  cylindrical 
surface,  which  is  the  product  of  the  length  of  the  cylinder  into  its 
circumference.  The  area  of  the  external  surface  is  given  in  square 
centimetres  (cm.^).  It  is  important  to  observe  that,  when  cooling,  a 
thermometer  loses  heat  through  the  whole  area  of  its  external 
surface;  when  receiving  heat  from  a  particular  direction,  as  for 
instance,  from  the  sun,  the  receiving  area  is,  for  the  cylindrical  part 
of  the  bulb,  its  length  multiplied  by  its  diameter,  and  for  the 
hemispherical  ends  the  area  of  a  great  circle  of  the  sphere. 

All  these  measurements  have  been  carefully  made  on  the  bulb  of 
the  thermometer  by  Chabaud,  col.  4,  Table  XV.  For  the  deter- 
mination of  the  circumference,  a  fine  thread  was  wound  forty  times 
round  the  cylindrical  part.  When  unwound  it  measured  111  cm., 
whence  we  have : 

Cironmference 2*775  om. 

Diameter  0*S8S  cm. 

Circular  area  of  cylinder 0*6124  cm*. 

Length  of  cylinder 4*08  cm. 

Volume  of  cylinder 4*08  x  0*6124  =»  2*498  oc. 

Volume  of  sphere  0*883  cm.  in  diameter       .     .     .       0*877  oc. 

Whence  total  yolume  of  bulb 2*875  oc. 

Water  value  of  bulb       ....     0*475  x  2-875  =  1*366  grins. 

It  will  be  seen  that  by  mensuration  we  arrive  at  2  •  875  cc.  as  the 
volume  of  the  bulb  in  place  of  2  •  835  cc.  as  derived  from  the  weights 
supplied  by  the  maker.  The  difference,  0*04  cc,  is  under  1^  per 
cent,  of  the  whole  volume.  Applying  0'475  as  the  specific  heat  per 
unit  volume  of  the  bulb,  we  obtain  for  the  water  value  1'366  in 
place  of  1  •  338  grs.,  a  difference  of  0  •  028,  which  is  just  2  per  cent. 
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The  agreement  is  quite  satisfactory,  and  we  can  therefore  use  this 
method  with  perfect  confidence  in  determining  the  water  value  of 
the  bulbs  of  all  our  thermometers. 

The  area  of  the  external  oyUndrioal  sorfaoe  ia  4*08  x  2*775  =  H  *822  om*. 

Surface  of  one  hemisphere =    1*225  cm'. 

Whence  the  total  external  sorfaoe =  12*547  cm*. 

The  area  of  this  surface  is  the  area  of  the  outlet  for  heat,  and, 
other  things  being  equal,  it  determines  the  rate  and  term  of  cooling. 
We  found  the  total  volimie  of  the  bulb  to  be  2  •  875  cc.,  and  its  water 
value  1*366  grs.  It  is  clear  that,  if  the  area  of  the  external  surface 
remains  constant  and  the  volume  or  the  water  value  is  increased, 
other  things  remaining  the  same,  the  term  of  cooling  will  be  increased 
and|  of  course,  the  rate  diminished.  It  is  quite  analogous  to  the  case 
of  a  water-cistern.  If  the  area  of  outlet  remains  the  same  the  time 
which  it  will  take  for  the  cistern  to  empty  itself  will  depend  on  the 
quantity  of  water  in  it^  while,  if  the  size  of  the  cistern  and  the  quan- 
tity of  water  in  it  remain  the  same,  the  time  which  it  will  take  to 
empty  itself  will  depend  on  the  smallness  of  the  outlet.  Other  things 
being  equal,  the  term  of  cooling  of  a  thermometer  will  depend  on  the 
magnitude  of  the  ratio,  volume  of  bulb  :  area  of  external  surface. 

In  this  case  the  ratio  is  12-547  :  2*875  =  4-364.  This  may  be 
called  the  virttud  cooling  radius.  In  the  case  of  a  cooling  sphere  it  is 
the  radius  of  the  sphere. 

The  physical  and  thermal  data  relating  to  particular  thermometers 
have  been  dwelt  upon  at  great  length  because  they  convey  a  much 
better  idea  of  the  nature  and  propagation  of  heat  than  more  volumi- 
nous general  statements.  It  may  be  well  here  to  remind  the  reader 
that  in  the  department  of  science  which  has  been  called  geo-physics, 
when  it  is  a  question  of  specific  heat  it  is  nearly  always  specific  heat 
per  unit  volume  that  is  required,  and  the  thermal  study  of  thermo- 
njeters  is  helpful  fix)m  this  point  of  view. 

CcUorimetric  Constants  of  a  Tliermograph, — It  was  interesting  to 
know  what  could  be  obtained  with  a  recording  thermometer  of 
ordinary  type,  and  in  Table  XVI.  the  results  of  some  observations 
made  in  Cambridge  with  a  Sichard's  recorder  are  given. 

The  figures  in  this  table  are  taken  from  the  curves  drawn  by  the 
instrument  on  a  drum  revolving  once  in  forty-eight  minutes.  The 
instrument  was  allowed  to  take  the  temperature  of  the  room,  then 
exposed  in  the  shade  in  the  open  air  when  a  fresh  breeze  was  blowing, 
and  allowed  to  remain  there  until  it  had  taken  the  temperature  of 
Uie  air.  It  was  then  transferred  to  the  room,  and  allowed  to  rise 
imtil  it  attained  its  temperature. 


1(0 


THE  ANTARCTIC  UAVUAL. 


In  this  -way  two  sets  of  curvea  were  obtained,  conBistii^  of  tlire« 
curves  in  still  air  and  tliree  in  a  fresh  breeze.  The  results  are  not 
very  concordant,  for,  although  the  scale  of  time  is  very  open — one 
minute  occupyii^  5  mm. — the  temperature  scale  was  very  close,  1° 
occupying  only  1  mm.  The  object,  however,  of  the  table  is  to  show 
what  can  be  expected  &om  an  inBtmment  of  the  kind  in  the  measure- 
ment of  changes  of  temperature.  The  resolts  obtained  in  the  open 
air  would  necessarily  vary  somewhat,  because,  althongh  a  fresh  breeze 
was  blowing  all  the  time,  a  fresh  breeze  raries  in  velocity. 

In  order  to  obtain  the  best  results  from  a  Chennometer,  it  should 
be  exposed  to  uniform  ventilation.    This  can  only  be  effected  by 
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artificial  means,  and  they  necessarily  tend  to  efface  sharp  variations 
of  temperature. 

Departing  from  the  mercurial  thermometer  the  writer  has  found 
the  simple  air  thermometer  very  good  for  indicating  and  measuring 
qnick  variations  of  temperature.  It  has  the  advantage  of  lightness 
and  cheapness.  The  form  which  I  use  is  a  glass  bulb,  of  about 
3  cm.  diameter  on  a  straight  stem  of  about  10  cm.  length.  This  can 
be  attached  to  a  IJ-ti'l'o  of  greater  or  less  diameter,  according  as  the 
difTerenceB  of  temperature  to  be  observed  are  great  or  small.  The 
IJ-tube  has  some  coloured  water  as  indicator,  and  the  indications  of 
the  instrument  are  compared  with  those  of  a  thermometer.  As  the 
instrument  is  only  put  together  when  it  is  wanted,  the  variations  of 
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barometric  pressure  do  not  affect  it.  It  has  the  great  advantage 
that  it  can  be  connected  with  a  tambour,  and  thus  be  made  to 
record.  The  sensitiveness  of  the  glass  air  thermometer  is  about 
the  same  as  that  of  a  very  fine  mercurial  thermometer  made  for 
me  by  Messrs.  Hicks.  The  air  thermometer,  however,  would  be 
more  sensitive  if  the  ball  were  made  of  thin  metal  instead  of 
glass. 

Air  thermometers  of  this  simple  kind  described,  are  very  easily 
made  so  as  to  give  calorimetrical  results.  It  is  only  necessary  to 
weigh  and  measure  the  piece  of  glass  tube  before  and  after  blowing 
the  bulb.  The  shortening  of  the  straight  part  of  the  tube  after  blowing 
gives  the  length  of  it  which  has  been  expanded  into  a  ball,  and  from 


Table  XVIL— Pabtioulabs  of  GALOBtMrnuo  Ant  Thebmoicetebs  made  of 

Lead  Glass. 


Nomber  of  InsUnment. 

1. 

3. 

8. 

4. 

6. 

OrigiDAl  weight  of  tabe  (grm.) 

7-724 

18-508 

18-4186 

18-8136 

18-6169 

„      length  of  tube  (mm.)  . 

225-7 

193  0 

192- 1 

196  0 

194-25 

Ditto  after  blowing  .... 

197-0 

1440 

137-0 

126-4 

104  0 

Diiferenoe       .     .     .     .     t     . 

28-7 

49-0 

55-1 

70-4 

90-25 

Weight  of  10  mm.  tabe  (gnn.)  . 

0-7863 

0-9590 

0-9590 

0-9580 

0-9580 

Weight  of  bulb  (grm.)   .     .     . 

2-2538 

4-6991 

5-2811 

6-7443 

8-6550 

Diameter  of  bulb  (mm.)       .     . 

24 

82 

38 

45 

51 

Vdome  of  ditto  (cc.)      .     .     . 

7-238 

17  157 

28-731 

47-713 

69-456 

8nr&oe  of  bulb  (sq.  am.)     .     . 

18  095 

32-170 

45-364 

63-617 

81-713 

Volame  of  glaas  at  sp.  gr.  =  3.0 

0-7513 

1-5664 

1-7614 

2-2481 

2-8850 

ThiekneM  of  glass  (mm.)     .     . 

0-415 

0-487 

0-388 

0-353 

0-353    1 

Water  Talne  of  bolb,  sp.  heat 
=  0-57 

0-4282 

0-8928 

1-0040 

1-2814 

1-6445 

Sur&ee  -^  water  yalue  .     .     . 

42-26 

36-03 

45-18 

37-25 

42-24 

the  known  length  and  weight  of  the  original  piece  of  tube,  the  weight 
of  the  bulb  is  found.  By  carefully  gauging  the  diameter  of  the  ball  its 
soiface  can  be  obtained,  and  from  that  the  thickness  of  the  glass. 
When  the  specific  heat  of  the  glass  is  known,  the  water  value  of  the 
bulb  is  given ;  if  the  air  contained  is  taken  into  account,  the  value  is 
increased  by  from  1  to  2  per  cent.  The  surface  of  the  ball  divided 
by  the  water  value  gives  an  expression  for  the  sensitiveness  of  the 
instrument. 

In  Table  XVII.  the  particulars  of  several  air  thermometers  are 
given.    As  they  are  made  of  lead  glass,  both  the  density  and  the 
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capacity  for  heat  per  unit  of  weight  are  higher  than  in  the  ease  of 
ordinary  Grerman  glass,  but  the  specific  heat  per  unit  of  volume  is 
probably  very  little  aflfected. 

Calorimetric  Constants  of  Deep-sea  Thermometers. — It  is  evident 
that  a  knowledge  of  the  calorimetric  constants  of  the  deep-sea 
thermometer  is  necessary,  if  we  are  to  have  the  conviction  that  the 
temperature  indicated  by  it  is  in  truth  the  temperature  of  the  water 
in  which  it  was  immersed.  This  is  all  the  more  necessary  because, 
in  order  to  guard  the  bulb  of  the  thermometer  against  the  squeezing 
effect  of  the  pressure  of  the  column  of  water  to  which  it  is  exposed 
when  in  use,  it  is  hermetically  enclosed  in  an  outside  bulb,  the 
space  between  them  being  partially  filled  with  mercury.  This  extra 
bulb  increases  greatly  the  term  of  cooling  of  the  thermometer. 
The  conditions  are  quite  analogous  to  those  regulating  the  cooling 
of  thermometers  in  air.  The  term  is  comparatively  long  when  the 
thermometer  is  immersed  in  still  water  and  kept  motionless  in  it. 
When  the  water  has  relative  motion  with  regard  to  the  thermometer 
the  term  is  reduced  in  proportion  to  that  motion. 

For  practical  purposes  we  require  to  know  how  long  we  must 
leave  the  thermometer  at  the  particular  depth  in  order  to  be  sure 
that  it  has  taken  the  temperature  of  the  water.  The  experiments  re- 
quired in  order  to  furnish  this  knowledge  are  extremely  simpla  The 
principle  is  exactly  the  same  as  that  which  governs  the  behaviour 
of  thermometers  in  air.  The  thermometer  loses  equal  fractions 
of  its  excessive  beat  in  equal  intervals  of  time.  These  intervals  are 
very  much  shorter  when  the  instrument  is  immersed  in  water  than 
when  it  is  in  air.  When  the  difference  of  temperature  is  at  all  con- 
siderable the  thermometer  falls  very  rapidly  at  first,  and  more  slowly 
as  it  approaches  to  the  temperature  of  the  water.  The  divisions  of 
the  scale  of  a  thermometer  ought  to  be  about  one  millimetre  apart 
If  in  reading  the  thermometer  we  estimate  tenths  of  this  amount, 
then  it  ia  important  to  know  how  long  the  thermometer  takes  to 
assume  the  temperature  of  the  water  within  one-tenth  of  one  of  its 
own  divisions.  If  we  estimate  only  to  one-half  of  a  division,  then  it 
is  sufficient  to  know  how  long  the  thermometer  takes  to  arrive  at  that 
of  the  water  within  one-half  of  one  of  its  own  divisions.  It  does  not 
matter  what  the  thermometric  value  of  each  division  is.  The  follow- 
ing imaginary  case  will  illustrate  this.  It  is  assumed  that  when 
immersed  in  still  water  the  thermometer  loses  half  its  excessive  heat 
in  twenty  seconds.  When  immersed  in  the  water  the  excessive 
temperature  of  the  thermometer  is  represented  by  4* 8  of  its  own 
divisions. 
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Thus  we  should  have — 

EzceM  temperature,  divittons  .    4*8 
Time  elapsed,  seoondB    ...      0 

In  this  imaginary  case  the  temperature  of  the  thermometer  will 
have  attained  that  of  the  water  in  120  seconds,  or  two  minutes. 

When  the  water  touching  the  thermometer  is  moving,  whether 
the  water  runs  past  the  thermometer  or  the  thermometer  runs 
through  the  water,  then  the  time  which  the  thermometer  requires  to 
lose  its  excessive  heat  is  very  much  shorter.  In  actual  sounding 
practice  the  thermometer  arrives  at  the  depth  at  which  it  is  to 
roister  the  temperature,  having  already  very  nearly  the  temperature 
of  the  water  at  that  depth.  It  is,  therefore,  generally  speaking,  quite 
safe  to  despatch  the  messenger,  which  is  to  overturn  the  thermometer, 
so  that  it  may  arrive  at  the  required  depth  not  later  than  one  or 
two  minutes  after  the  thermometer.  This  refers  only  to  oceanic 
work.  The  physicist  must  himself  test  the  actual  thermometers 
which  he  has  on  board  by  observing  them  in  still  water  and  when 
moved  at  certain  velocities  in  water,  and  from  his  own  observations 
he  will  form  his  own  opinion  of  how  long  the  particular  instruments 
with  which  he  is  supplied  have  to  be  left  down,  and  then  he  will  use 
his  knowledge  to  guide  his  practice. 

Application  of  CcUorimetry  to  Hydraulics. — An  interesting  ex- 
ample of  the  application  of  calorimetry  to  problems  of  physical 
geography  is  afforded  by  some  hydraulic  experiments  made  by  the 
writer  in  the  Engadine  in  the  summer  of  1894.  About  a  mile 
below  the  end  of  the  Morteratsch  glacier,  the  muddy  stream  which 
proceeds  from  the  glacier  is  joined  by  the  perfectly  clear  waters 
of  the  stream  which  descends  from  the  summit  of  the  Bemina 
pass,  the  waters  of  which  drive  the  machinery  for  the  supply 
of  electricity  to  Pontresina,  In  Ihe  afternoon  the  glacier  stream  is 
running  strongly,  and  its  temperature  was  found  to  be  1°  C.  The 
temperature  of  the  water  of  the  Bemina  stream  was  11°  C.  Two  or 
three  hundred  yards  below  the  confluence,  where  the  waters  had 
been  well  mixed,  the  temperature  of  the  water  was  2  •  5°  C.  U  we 
represent  by  M  the  flow  of  the  Morteratsch  and  by  B  that  of  the 
Bemina  stream,  we  have  the  relation  M :  B  : :  10  :  1*5,  whence  we 
have  B  =  0*15  M,  or  the  stream  below  contains  85  per  cent,  of 
Morteratsch  water  and  15  per  cent,  of  Bernina  water. 

Temperature  of  Inflation, — In  a  meteorological  outfit  it  is  usual 
to  include  a  thermometer  with  blackened  bulb  enclosed  in  an  ex- 
ternal glass  tube.  This  is  to  be  exposed  to  the  direct  rays  of  the  sun 
until  it  rises  to  a  temperature  which  remains  stationary.    This  tem- 
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perature  is  to  be  observed.  When  taken  in  connection  with  the 
temperature  in  the  shade  this  is  to  furnish  information  regarding  the 
calorific  action  of  the  sun's  rays.  It  is  in  a  position  to  furnish  re- 
liable information  of  this  kind  only  if  the  thermal  mass  or  water 
value  of  the  bulb  and  its  term  of  cooling  are  known.  These  are  not 
commonly  supplied.  Even  if  they  were  supplied  it  is  doubtful  if 
the  instrument  would  furnish  any  trustworthy  information ;  the  ex- 
ternal glass  envelope  introduces  so  much  disturbance. 

When  a  thermometer,  whether  its  bulb  be  blackened  or  not,  is 
exposed  to  the  direct  rays  of  the  sun,  its  temperature  rises  at  first 
rapidly,  then  more  and  more  slowly  until  finally  it  reaches  a  tempera- 
ture at  or  about  which  it  remains  steady,  provided  that  it  is  in  a 
place  where  the  air  is  still  and  its  temperature  constant.  While  its 
temperature  remains  steady  the  thermometer  is  continually  receiving 
heat  from  the  sun's  rays  and  giving  it  off  to  its  surroundings,  and 
the  meaning  of  the  constancy  of  its  temperature  is  that  the  receipt 
and  expenditure  of  heat  per  unit  of  time  are  equal. 

If  we  know  the  thermal  mass  of  the  bulb  of  the  thermometer  and 
its  term  of  cooling  and  the  difference  between  its  temperature  and 
that  of  the  air,  we  can  calculate  the  rate  at  which  it  is  losing  heat, 
and  this,  at  the  stationary  temperature,  is  the  rate  at  which  it  is 
receiving  heat. 

If  the  thermometer  is  exposed  with  its  axis  perpendicular  to  the 
direction  of  the  sun's  rays,  then  it  receives  the  rays  which  fall  on  a 
surface  equal  to  the  axial  sectional  area  of  the  bulb.  Consequently, 
the  heating  power  of  the  bundle  of  solar  rays  having  this  sectional 
area  is  equal  to  the  heating  power  of  the  thermometer  when  the 
excess  of  its  temperature  above  that  of  the  medium  has  become 
constant.  This  is  rigorously  true  of  that  portion  of  the  pencil 
of  rays  which  penetrates  the  bulb  of  the  thermometer.  If  the 
rays  have  had  to  traverse  the  windows  of  a  room,  some  of  the  rays 
are  absorbed  by  the  glass,  and  a  very  large  portion  is  dissipated  by 
reflection  from  it.  Further,  even  a  blackened  bulb  does  not  transmit 
and  absorb  all  the  heat  rays  that  strike  it. 

If  two  thermometers  of  different  pattern  are  exposed  side  by  side 
to  the  direct  rays  of  the  sun,  they  usually  assume  very  different 
stationary  temperatures,  even  although  their  graduation  may  be  per- 
fectly exact.  This  is  to  be  expected,  because  thermometers  of  different 
pattern  are  sure  to  differ  considerably  both  in  term  of  cooling  and  in 
thermal  mass.  The  nearest  approach  to  equality  in  these  particulars 
is  found  amongst  common  thermometers  of  the  same  pattern,  which 
are  turned  out  in  large  quantities  at  a  time. 
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Example  of  the  Method  of  Determining  the  Calorific  Power  of  the 
Sun's  Says,  which  strike  the  btUh  of  a  Thermometer  and  are  absorbed 
iyU;  and  of  the  difference  between  different  themuymeters  in  this  respect. 
— ^The  following  observations  were  made  with  two  thermometers  of 
very  different  pattern.  They  were  hung  side  by  side  in  a  room 
exposed  to  the  powerful  winter  sun  at  St.  Moritz,  in  the  Engadine, 
between  11  and  11.30  a.m.  on  February  26, 1901.  The  thermometers 
are  designated  A  and  B.  A  is  an  ordinary  German  thermometer, 
divided  into  whole  degrees  on  a  milk-glass  scale  and  its  bulb  was 
coated  with  silver.  B  was  an  English  thermometer  with  solid  stem, 
and  divided  into  tenths  of  a  Centigrade  degree,  each  degree  occupying 
a  length  of  1  cm.  Its  bulb  was  not  coated  in  any  way.  The  par- 
ticulars relating  to  the  bulbs  were  obtained  by  mensuration  as  above 
described.  The  mean  altitude  of  the  sun  was  33°  and  cos  33°  s  0 '  84 ; 
the  axial  sectional  area  of  each  thermometer  has  to  be  multiplied 
by  this  factor  in  order  to  obtain  the  effective  area  exposed,  or  rather 
to  obtain  the  sectional  area  of  the  bundle  of  rays  which  strikes  the 
bulb  of  each  thermometer. 


Table  XVI IL — Specification  op  the  Thebmometpb. 


D6iigii»tioii  of  thennometer 

Dmmeter  of  bulb om. 

Leogth  of  eqniyalent  cylinder om. 

Yolmne  of  bulb oc. 

Wftler  Tilne  of  bulb gnni. 

Area  of  external  surface cm.* 

Area  of  axial  aeetion cm.' 

EfeetiTe  area  of  ditto cm.* 

Term  of  cooling seconds 


A 

B 

a 

0-637 

0-471 

h 

2*8 

2-4 

e 

0-7334 

0-4181 

d 

0-3875 

0-1923 

e 

4-92 

3-727 

f 

1-465 

1130 

9 

1-230 

0-950 

h 

250 

120 

In  Table  XVIII.  we  have  the  specifications  of  the  bulbs  of  the 
thermometers.  It  will  be  observed  that  the  "  length  of  the  equiva- 
lent cylinder "  b  ia  given  simply,  in  place  of  the  cylinder  and  two 
hemispheres,  as  in  the  case  of  thermometers  with  large  bulbs.  The 
volume  of  the  bulb  c  is  found  by  multiplying  the  circular  area  corre- 
sponding to  the  diameter  a  by  the  length  of  the  equivalent  cylinder  b. 
The  water  value  of  the  bulb  is  d  ss  0*457c.  When  this  table  was 
calculated,  0'457  was  used  as  the  specific  heat  per  unit  volume  of 
the  bulb,  instead  of  0*475,  which  was  adopted  later.  It  has  not 
been  thought  necessary  to  recalculate  the  table.  The  area  of  external 
surface  is  the  circular  area  of  the  diameter,  added  to  the  product  of 
the  length  of  the  equivalent  cylinder  and  its  circumference.     The 
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area  of  axial  section  is  the  product  of  the  diameter  of  the  cylinder 
and  its  length,  and  the  effective  axial  area  {g)  is  the  axial  section 
multiplied  by  0*84;  g  is  proportional  to  the  quantity  of  the  sun's 
rays,  which  strike  the  bulb  in  unit  of  time.     The  term  of  cooling,  A, 

is  given  in  seconds,  and  its  reciprocal  r  is  the  fraction  of  the  excess 
of  heat  lost  per  second  during  cooling. 


Table  XIX.-^Exaufle  of  Caloeimetbic  Use  op  THSRiioifETBBS  fob  DETEBirmiNO 

THE  Radiant  Heat  which  they  absobb. 


Ddsignation  of  thennometer   . 

Stationary  temperature  reached 
in  son's  mys  ....  ^.^ 

Difference  between  stationary 
temperature  and  tbat  of  the 
air 

Ck>rre8ponding  exoess  of  heat' 
io  each  bulo  .     .       gr.  ^C./ 

Loss  of  beat  per  second 

Ditto  per  square  centimetre  of 
effecti?e  axial  sections  . 


1 


Ratio  Pa  :  Pb  = 


k 

I 

m 
n 

P 

9 


21°-25 


&>'25 


2-110 


B 


3°-5 


0-67S 


0' 00844  0-00561 
0- 006860  00590 


0-860 


22°- 15 


7°-15 


2-406 
0-00962 


B 

190-1 


40-1 


0-788 
0-00657 


0-896 


22<>-4 


70.4 


2-498 


B 

19*»-2 


4«-2 


0-808 


0-009990-00673 


0 -00782  0  -  00691 0  -  00812  0  •  00706 


T 

0-869 


Designation  of  thermometer   . 

Stationary  temperature  reachedl 
in  sun's  rays  .  .     .  ^C.) 

Difference  between  stationary  | 
temperature  and  that  of  the  > 
air 

Corresponding  excess  of  heat' 
in  each  bulb  .     .       gr.  °C./ 

Loss  of  heat  per  second     .     . 

Ditto  per  square  centimetre  ofi  ' 
effective  axial  sections  .     .  /  j 

Ratio  Pa  :  Pb  = 


k 

I 

m 
n 

P 

9 


23°- 1 


8^-1 


2-734 
0-0109 
0* 00889 


B 

19° -6 


40-6 


0-885 
0- 00738 
0- 00775 


0-872 


22° -4 


70.4 


2-498 
0-00999 


0-00812 


B 

19° -2 


4°-2 


0-808 
0  00673 


0-00706 


0-869 


In  Table  XIX.  five,  separate  observations  of  the  stationary  tem- 
perature reached  by  the  thermometers  side  by  side  are  given.  The 
temperature  of  the  air  was  15^  •  0  C.  The  excess  of  heat  in  each  bulb  is 
m  =  Z  d,OT  the  water  value  of  the  bulb  multiplied  by  the  excess  of  its  sta- 
tionary temperature  above  that  of  the  air.    The  loss  of  heat  per  second 

71  =  -r-  as  was  above  described ;  »  =  -  is  the  loss  of  heat  per  second 
A  ^ 

referred  to  unit  area  of  effective  axial  section.     It  has  been  pointed 

out  that  g,  the  effective  axial  area,  is  the  sectional  area  of  the  bundle 

of  solar  rays  which  strikes  the  bulb,  and  it  is  therefore  proportional 

to  the  supply  of  radiant  heat  by  the  sun  to  the  thermometer.     But 

when  the  temperature  of  the  thermometer  in  the  sun  has  become 


CHEMICAL   AND   PHYSICAL   NOTES.  147 

stationary  it  is  dissipating  the  whole  of  the  heat  which  it  is  receiving. 
Now  n  gives  the  rate  at  which  it  is  cooling,  in  gramme-degrees* 
(gr.°C.)  per  second;  therefore  the  bundle  of  sun's  rays  of  sectional 
area  g  is  supplying  heat  at  the  rate  of  n  gr.^C.   per  second,   and 

p  =  -  is  this  rate  for  a  bundle  of  rays  of  1  square  centimetre  section. 

It  will  be  seen  that  all  the  values  of  p  given  by  thermometer  B  are 
lower  than  those  given  by  A.  In  line  q  we  have  the  ratio  of  px :  ^b, 
and  it  will  be  seen  that  the  values  of  q  agree  very  well  with  each  other. 
The  mean  value  is  0  •  873,  the  extremes  being  0  •  860  and  0  •  896 ;  that 
is  to  say,  thermometer  B  indicates  13  per  cent,  less  heat  than  thermo- 
meter A  for  1  square  centimetre  of  sun's  rays.  Yet  A  has  a  silvered 
glass  bulb  and  B  has  a  plain  uncoated  glass  bulb.  It  is  possible  that 
to  this  difference  is  due  the  difference  in  the  results  obtained.  The 
silvered  bulb  dissipates  by  reflection  some  of  the  heat  which  strikes 
its  metallic  surface,  but  whatever  is  not  reflected  by  this  surface 
passes  into  the  bulb  of  the  thermometer.  In  the  case  of  the  uncoated 
glass  bulb  there  are  two  surfaces  of  reflection,  namely  that  separating 
glass  from  air  and  that  separating  glass  from  mercury.  The  heat 
which  has  passed  through  the  outer  glass  surface  has  still  to  pass  the 
inner  surface,  where  some  of  it  is  rejected  by  reflection. 

Taking  the  maximum  value  of  p,  namely  0  •  00889  gr.°C.  of  heat 
supplied  per  square  centimetre  per  second,  and  multiplying  it  by  60, 
we  have  0  •  533  gr.°C.  per  square  centimetre  per  minute.  This  is  the 
heat  actually  taken  up  by  the  silvered  bulb  of  a  thermometer  from 
1  square  centimetre  of  the  rays  of  the  winter  sun,  which  have  passed 
obliquely  through  a  glass  window.  The  sky  was  quite  clear  and 
cloudless,  but  the  sun's  zenith  distance  was  57^  In  order  to  allow 
for  this,  we  use  the  formula  given  by  Sir  John  Herschel,t  from  which 
we  obtain  the  value  of  the  solar  constant 

0 '  533 
A  =  .ov/.g4  =  1  *  1114  gr.^C.  per  square  centimetre  per  minute, 

where  §  is  the  transmission  coefficient  of  the  air  for  heat  and 
1-84  =  sec.  57^ 

Two-thirds  of  this,  or  0  *  7409,  would  then  be  the  heating  power 
of  the  rays  of  the  vertical  sun  at  the  surface  of  the  earth  at  a  height 
of  1850  metres  above  the  sea.     This  calculation  has  been  carried  out 

^  It  ii  oonvcnicnt  to  give  compound  names  toooropoand  UDits;  they  then  explain 
tbemaelfet.  One  gramme-degree  (1  gr.^C.)  is  the  heat  required  to  raise  the  tempera- 
ton  of  one  gramme  of  water  by  one  Centigrade  degree.  Names  such  as  Oiilorie  or 
tboB  are  indefinite,  and  may  be  confusing. 

f  *  Meteorology,'  by  Sir  John  Herschel,  Burt,  Edinburgh,  18G1,  p.  10. 
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in  order  to  make  the  example  complete,  and  not  as  an  experimental 
determination  of  the  calorific  power  of  the  sun's  rays. 

At  the  same  time  it  illustrates  the  principle  of  the  actinametrie 
7/uthod  of  determining  the  heat  of  the  sun's  rays,  which  has  been 
much  used. 

Apart  from  the  annual  cycle  of  variation  of  the  sun's  distance 
from  the  earth,  there  is  no  reason  to  expect  any  measurable 
variation  in  its  heating  power.  Therefore  the  principal  object 
to  be  attained  is  to  find  the  mstximum  heating  power  of  the  sun 
under  the  most  favourable  circumstances.  This  is  perhaps  best 
given  by  the  calorimeter  depending  on  the  rate  of  generation  of 
steam,*  which  was  designed  by  the  writer,  and  used  by  him  in  Egypt 
in  May  1882.  The  values  of  the  solar  constant  obtained  with 
the  actinometer  by  observers  of  the  highest  standing  differ  greatly, 
and  some  of  them  are  certainly  exaggerated.  What  we  want 
to  know  in  physical  geography  is  how  much  heat  is  quite  certainly 
received  from  the  sun  by  a  given  area  of  the  earth's  surface  ex- 
posed perpendicularly  to  its  rays  in  a  given  time.  With  the 
writer's  steam  calorimeter  the  highest  rate  actually  realised  was 
16*6  grms.  of  water  converted  into  saturated  steam  of  the  same 
temperature  per  minute  on  an  area  of  1  square  metre  when  the 
sun's  zenith  distance  was  20^.  This  is  equivalent  to  17*04  grms. 
steam  generated  by  a  vertical  sun  on  the  same  area.  The  latent 
heat  of  steam  at  100^  C.  is  535  gr.°C.  per  gramme,  therefore  the 
generation  of  17  '04  grms.  of  steam  of  100°  C.  out  of  the  same  weight 
of  water  of  the  same  temperature  requires  9116  gr.°C.  of  heat ; 
and  this  is  the  amount  of  heat  which  can  with  certainty  be  extracted, 
per  minute,  from  a  bundle  of  sun's  rays  of  1  square  metre  sectional 
area  at  the  sea  level  when  the  sun  is  at  the  zenith.  The  mechanical 
equivalent  of  heat  is  taken  at  425  kilogramme-metres  (kgm.)  of 
work  per  kilogramme-degree  (kg.°C.)  of  heat,  or  per  1000  gr.^^G. 
Converting  9116  gr.°C.  at  this  rate  we  obtain  as  its  equivalent  in 
work  3875  kilogramme- metres  (kgm.).  This  amount  of  work  is 
done  in  one  minute.  One  horse-power,  or  the  rate  at  which  the 
standard  horse  can  work  is  taken  at  4500  kgm.  per  minute ;  therefore 
the  working  value  of  the  8un*8  rays  at  the  sea  level  is  at  least  0 '  87 
horse-power  per  square  metre  for  a  vertical  sun.  The  total  area  of  the 
bundle  of  sun's  rays  which  is  at  all  times  being  intercepted  by  the 
earth  is  the  area  contained  by  its  great  circle,  and  this  is  taken  at 

*  *  On  a  Solar  Calorimeter  need  in  Ef^ypt  in  18S2,'  by  J.  T.  Bnohanan.  Prooeedingi 
of  the  Cambridge  Philoeophical  Society  (1900),  vol.  xi.  pp.  37,  74 ;  and  Naiwre  (1901%  Tol. 
Ixiii.  p.  548. 
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130  X  10"  square  metres.  Therefore  the  workiog  value  of  the  sun  to 
the  earth  is  at  least  113  x  10"  horse-power.  This  figure  depends  on 
the  amount  of  steam  actually  generated  in  a  particular  instrument ; 
but  no  instrument  is  perfect,  therefore  the  above  figure  falls  short  of 
the  truth.  One  horse-power  per  square  metre  has  been  taken  as  a 
probable  work-value  of  the  sun's  vertical  rays  at  the  level  of  the 
sea.  This  is  equivalent  to  1*06  gr.°C.  per  square  centimetre  per 
minute.  In  accepting  these  values  of  the  solar  heat  constant  at  the 
sea  level  we  are  assured  that  we  are  not  exaggerating. 

It  is  impossible  to  determine,  or  to  estimate  exactly,  how  much 
of  the  sun's  heat  is  absorbed  in  its  passage  through  the  atmosphere. 
We  have  seen  that  Herschel  estimates  the  amount  transmitted  to  be 
two-thirds  of  the  amount  which  arrives  at  the  earth's  orbit,  leaving 
one-third  to  be  absorbed.  The  true  amount  absorbed  is  probably 
rather  under  than  over  this  figure. 

Taking  1  horse-power  per  square  metre  as  the  total  work- value 
of  the  sun's  rays,  and  remembering  that  the  mean  distance  of  the 
earth  from  the  sun  is  212  times  the  length  of  the  sun's  radius,  we 
find  that  the  rays  emitted  by  1  square  metre  of  the  sun's  surface  are 
spread  over  212*,  or  in  round  numbers,  45,000  square  metres  of  the 
earth's  surface.  Therefore,  th>e  probable  work-value  of  1  square  metre 
of  the  8un*s  surface  is  at  least  45,000  horse-power. 

It  is  useful  to  note  that  the  sun's  heating  power  at  the  distance 
<^  the  planet  Mercury  is  6^  times,  and  at  that  of  Venus  it  is  twice 
its  value  at  the  Earth's  distance. 

Hu  Necessity  of  the  Knowledge  of  Calorirnetric  Factors  in  Connec- 
tion wUh  the  Use  of  the  Barometer. — It  is  an  interesting  historical  fact 
that  Fahrenheit,  to  whom  we  owe  the  thermometer  as  a  physical 
instrument  of  precision,  got  the  idea  of  filling  his  thermometer  with 
mercury  by  observing  and  being  troubled  by  the  irregularities  of  the 
•barometer  due  to  change  of  temperature.  It  is  also  probably  not 
altogether  accidental  that  the  length  of  one  degree  of  his  thermometric 
scale  corresponds  to  one  ten-thousandth  of  the  volume  of  the  mass  of 
mercury  used  in  the  thermometer.*  If  ^lercury  expands  by  y^^^^j 
for  every  Fahrenheit's  d^ee,  then  an  error  of  1^  F.  in  the  estimation 
of  the  temperature  of  the  barometer  introduces  an  error  in  the  baro- 
metric pressure  of  y^^xj  of  the  whole  height  of  the  column  of 
mercury.  If  that  height  is  30  inches  the  error  is  three-thousandths 
of  an  inch.  If  the  height  is  760  mm.  the  error  is  0*076  mm.  It  is 
obvious,  therefore,  that  unless  we  can  be  perfectly  certain  that  the  tem- 

*  Thli  faet  givat  Fahrenheit's  thermometer  a  genuine  title  to  the  name  centigrade, 
vhioli  Celdos*  toale  laoki.   • 
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perature  of  the  barometer  is  within  J°  F.  of  what  we  take  it  to  be,  there 
is  no  sense  in  reading  the  barometer  to  units  in  the  third  decimal  place 
of  the  inch,  and  still  less  so  to  units  in  the  second  decimal  place  of 
the  millimetre.  But,  it  will  be  said,  we  have  the  "  attached  thermo- 
meter," and  it  can  easily  be  read  to  3%°  F.  Completing  the  suggested 
syllogism,  we  have : — Now  the  temperature  of  the  attached  thermo- 
meter is  alwajrs  identical  with  that  of  the  mercury  of  the  barometer 
to  which  it  is  attached;  therefore,  we  know  the  temperature  of 
the  mercury  of  our  barometer  to  ^°  F. ;  and  by  consequence  we 
are  justified  in  reading  our  barometer  to  3  in  the  fourth  decimal 
place  of  the  inch,  and  to  7* 6  in  the  third  decimal  place  of  the  milli- 
metre. If  the  premises  are  granted,  the  conclusion  is  necessary. 
But  the  second  premise  is  true  only  in  certain  conditions  which  do 
not  usually  obtain.  If  the  temperature  of  the  room  in  which  the 
barometer  is  hung  is  invariable,  the  premises  may  be  granted  and 
the  conclusion  is  valid.  If  the  temperature  is  not  invariable,  the 
premises  cannot  be  granted,  and  the  conclusion  is  false.  Sufficient 
attention  is  not  paid  to  this  source  of  uncertainty  in  barometric 
readings.  After  what  has  been  said  about  the  term  of  cooling  of  a 
thermometer,  the  reader  will  easily  see  where  the  fault  lies  and 
how  to  remedy  it.  In  so  far  as  the  effect  of  temperature  on  the 
length  of  the  mercurial  column  is  concerned,  the  barometer  is  a 
thermometer  with  a  bulb  of  the  volume  and  thermal  mass  of  the 
column  of  mercury.  The  term  of  cooling  of  this  mass  must  be  very 
much  greater  than  that  of  the  attached  thermometer ;  so  that  if  at 
any  epoch  the  two  chanced  to  be  at  exactly  the  same  temperature, 
and  the  temperature  afterwards  went  through  the  usual  diurnal 
•changes,  they  would  never  again  have  the  same  temperature,  except 
for  a  moment  of  time  when  their  thermal  paths  happen  to  cross. 
The  only  adequate  ''attached  thermometer"  is  one  which  has  a 
bulb  which  is  a  copy  of  the  barometer,  has  the  same  thermal  mass, 
and  the  same  term  of  cooling,  and  is  exposed  to  exactly  the  same 
condition  as  the  barometer.  In  important  central  stations  the 
standard  barometer  should,  be  accompanied  by  such  a  thermometer. 
In  standardising  stations  nothing  but  absolute  uniformity  of  tempera- 
ture should  be  admitted.  The  need  of  correction  is  the  confession 
of  imperfection.  In  exact  work  no  correction  should  be  admitted 
which  it  is  mechanically  possible  to  exclude. 

In  Europe  and  North  America,  and  generally  in  countries  where 
for  a  part  of  the  year  dwellings  have  to  be  artificially  heated,  the 
condition  of  uniformity  of  temperature  is  not  secured  of  itself,  and  it 
may  be  troublesome  to  provide  it.     The  Paris  observatory  has  its 
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classical  cellars  of  invariable  temperature.  What  could  be  artificially 
provided  centuries  ago  can  be  provided  now.  For  a  central  national 
standardising  institution  such  a  chamber  is  indispensable,  if  its 
certificates  are  to  have  the  value  which  ought  unquestionably  to 
belong  to  them. 

In  tropical,  and  still  more  in  equatorial  regions,  where  the 
diurnal  variation  of  temperature  is  small  and  its  rate  slow,  uni- 
formity of  temperature,  sufficient  for  a  first-class  meteorological 
station,  is  easily  obtained  in  any  well- constructed  building,  and  con- 
sequently perfection  is  more  easily  attained  there  than  in  regions 
more  remote  from  the  equator. 

But  the  ideal  conditions  of  temperature  for  a  first-class  physical 
laboratory  are  to  be  found  on  board  of  a  large  wooden  ship  at  sea 
between  the  tropics.  The  temperature  of  the  surface-water  does  not 
vary  by  1°  Fahr.  in  twenty-four  hours.  The  temperature  of  a  shaded 
thermometer  on  deck  may  vary  by  two  or  three,  or  even  more, 
degrees,  according  to  the  greater  or  less  efficiency  of  the  shade,  but  the 
true  temperature  of  the  air  varies  as  little  as  does  that  of  the  sea  surface. 

During  the  three  years  that  the  Challenger  sojourned  in  tropical 
seas  the  writer  had  daily  occasion  to  notice  this  fact,  and  to  some 
extent,  though  inadequately,  to  take  advantage  of  it  In  particular, 
a  series  of  experiments  was  made  on  the  compression  of  deep-sea 
thermometers,  which  required  practically  absolute  uniformity  of  the 
temperature  of  the  air.  This  was  found  on  the  main-deck,  where  the 
compression  apparatus  was  installed.  The  main-deck  of  the  ship  was 
protected  by  the  spar-deck,  and  by  an  awning  above  that  It  was 
ventilated  by  twenty*  eight  open  gun-ports.  All  passages  were  made 
under  sail ;  therefore,  when  under  way,  one  side  of  the  ship  was  always 
definitely  a  weather  side  and  the  other  definitely  a  lee  side,  and  the 
gun-ports  afiTorded  unobstructed  passage  to  whatever  wind  was  blow- 
ing. The  main-deck  of  the  Challenger  was,  therefore,  a  perfect 
"thermometer  screen,"  and  tested  in  these  perfect  conditions  the  air 
preserved  as  uniform  a  temperature  as  the  water.  While  the  com- 
pression experiments  were  being  made  the  variation  of  temperature 
during  the  working  part  of  any  one  day  was  not  greater  than  one- 
tenth  of  a  Centigrade  degree. 

It  would  be  impossible  on  shore  to  provide  such  conditions  of 
work.  Hence,  so  far  as  temperature  conditions  are  concerned,  and 
other  things  being  equal,  observations  of  the  barometer  on  board  ship 
in  tropical  regions  are  entitled  to  more  weight  than  those  made  else- 
where. 

Giving  effect  to  these  considerations,  we  have  the  following — 
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Directions  for  Hanging  a  Barometer  on  Board  Ship, — The  baro- 
meter is  to  be  hung  in  the  inhabited  part  of  the  ship,  in  a  saloon  or 
cabin,  not  on  deck,  but  with  a  substantial  deck  above  it,  and  out 
of  the  radius  of  either  sidelights  or  skylights.  In  such  conditions 
the  temperature  of  the  barometer  and  that  of  its  attached  thermo- 
meter may  agree. 

The  Effect  of  Change  of  the  Force  of  Gravity  on  the  Pressure  of  the 
Atmosphere  and  on  the  Height  of  the  Barometer, — If  we  consider 
a  siphon-barometer,  and  take  the  plane  of  the  surface  of  the  mer- 
cury in  the  open  limb  as  datum  level,  all  that  is  above  it  in  one 
limb  exercises  the  same  pressure  as  all  that  is  above  it  in  the 
other.  But  all  that  is  above  it  in  the  outer  or  open  limb  is  the 
column  of  the  atmosphere,  and  all  that  is  above  it  in  the  inner  or 
closed  limb  is  the  column  of  mercury :  therefore,  the  weight  of  the 
column  of  mercury  is  the  same  as  the  weight  of  the  column  of  air. 
The  weight  of  a  body  is  the  product  of  its  mass  into  the  force  of 
gravity  at  the  place.  The  force  of  gravity  is  the  same  *  in  both  limbs 
of  the  barometer,  therefore  the  mass  of  the  column  of  air  is  the  same 
as  the  mass  of  the  column  of  mercury.  If,  other  things  remaining 
the  same,  we  reduce  the  density  of  the  earth  to  one-half,  there  will 
still  be  equilibrium  between  the  columns  of  air  and  of  mercury  in 
the  barometer.  The  height  of  the  barometer  will  be  xmaltered,  yet 
the  pressure  of  each  of  these  columns  on  its  base  will  now  be  only 
one-half  of  what  it  was  before,  because  the  pressure  of  the  column 
depends  on  its  weight,  and  the  weight  is  proportional  to  the  force  of 
gravity.  In  both  cases  we  shall  have  correctly  the  height  of  the 
barometer,  and  it  will  have  remained  unaltered,  but  with  equal  heights 
of  the  barometer  the  pressure  of  the  air  will,  in  the  latter  case,  be 
one-half  of  what  it  was  in  the  former. 

a 

The  force  of  gravity  is  not  the  same  at  all  points  of  the  earth's 
surface.  Hence  arises  the  necessity  for  the  gravitation  correction,  in 
order,  from  the  observed  height  of  the  barometer,  to  ascertain  the 
true  pressure  of  the  atmosphere  expressed  in  stardard  units,  that  is, 
in  millimetres  of  mercury  having  a  temperature  of  0°  C,  and  subject 
to  the  attractive  force  of  gravity  which  it  would  experience  at  the 
sea-level  in  latitude  45°.  This  force  generates  in  one  second  a 
velocity  of  980*6  centimetres  per  second. 

If  we  consider  the  layer  of  air  of  1  mm.  in  thickness  which  is 
contiguous  to  the  surface  of  the  mercury  in  the  outer  limb  of  the 

*  8ach  Blight  differences  as  are  due  to  the  greater  distance  of  the  centre  of  the 
earth  from  the  centre  of  gravity  of  the  atmospheric  oolnmn  than  from  that  of  the 
mercurial  column  are  here  neglected. 
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barometer,  and  is  pressed  down  upon  it  by  the  weight  of  the  whole 
atmospheric  column  above  it,  we  see  that  the  elasticity  of  this  thin 
layer  of  air  exactly  balances  the  pressure  of  the  air  above  it  and  that 
of  the  mercury  below  it.  The  tension  of  this  layer  of  air  is  equal  to 
the  atmospheric  pressure.  Imagine  the  density  of  the  earth  to  be 
reduced  by  one-half;  the  height  of  the  barometer  is  still  the  same, 
but  the  pressure  on  both  sides  of  the  thin  layer  of  air  is  reduced  to 
one-half;  therefore  it  expands  to  double  its  volume,  and  the  thick- 
ness of  the  layer  becomes  2  mm.,  and  by  consequence  its  tension  has 
been  halved 

Imagine  now  a  thin  layer  of  water  on  the  surface  of  the  mercury 
in  the  outer  limb  of  the  barometer.  It  is  pressed  down  by  the 
weight  of  the  atmospheric  column,  and  it  is  pressed  up  by  that 
of  the  mercurial  column.  The  tension  of  the  air  in  contact  with 
the  water  surface  is  equal  to  the  pressure  of  the  atmospheric 
column.  Let  the  height  of  the  barometer  be  735*5  mm.,  then 
taking  the  mean  force  of  terrestrial  gravity  at  the  sea  level  in 
lat  45°,  the  atmospheric  pressure  is  1  kilogramme  per  square  centi- 
metre, and  the  tension  of  the  air  in  contact  with  the  water  is  also 
1  kilogramme  per  square  centimetre.  Let  the  layer  of  water  be 
heated.  When  it  arrives  at  a  temperature  of  99^*1  G.  the  tension 
of  its  vapour  is  exactly  1  kilogramme  per  square  centimetre,  and 
it  is  therefore  equal  to  the  atmospheric  pressure,  and  any  further 
supply  of  heat  will  cause  the  water  to  boil  at  the  temperature 
of  99°'  1  C.  Let  the  water  be  cooled  down  again ;  and  let  the  density 
of  the  earth  be  reduced  by  one-half.  Then  the  height  of  the  baro- 
meter will  remain  unaltered  at  735  *  5  mm.,  but  the  pressure  of  the  air 
will  be  halved  and  will  be  only  0 '  5  kilogramme  per  square  centimetre. 
Let  the  water  now  be  warmed.  When  the  temperature  of  the  water 
airives  at  80° '9  C.  the  tension  of  its  vapour  is  exactly  0'5  kilo- 
gramme per  square  centimetre,  and  any  further  supply  of  heat  will 
cause  the  water  to  boil  at  this  temperature. 

It  is  evident  then  that  if  we  know  the  relation  between  the  ten- 
sion of  aqueous  vapour  in  kilogrammes  per  square  centimetre  and 
the  temperature,  we  have  in  the  boiling-point  of  water  a  means  of 
measuring  the  true  pressure  of  the  atmosphere  in  which  it  is 
boiling. 

But  we  have  seen  that  the  pressure  of  the  atmosphere  is  propor- 
tional to  the  quantity  of  the  air  that  is  in  the  column  which  rests  on 
the  surface  of  the  boiling  water,  and  to  the  force  of  gravity  or  the 
earth's  attraction  which  pulls  it  towards  its  centre.  Suppose  the 
force  of  gravity  constant,  the  boiling-point  of  water  will  be  the 
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lower  the  less  air  there  is  in  the  column  above  it,  or  the  greater 
the  height  of  the  locality  above  the  level  of  the  sea.  If  we  know 
the  law  regulating  the  relation  between  pressure  of  the  atmosphere 
and  elevation  above  sea  level,  we  have  in  the  boiling-point  of  water 
a  means  of  determining  the  elevation,  because  the  tension  of  the 
vapour  of  the  boiling  liquid  is  equal  to  the  tension  of  the  air  on 
its  surface,  and  the  tension  of  the  air  at  the  bottom  of  a  column  of 
it  is  equal  to  the  pressure  of  the  column,  and  the  relation  between 
air  pressure  and  altitude  is  known. 

If  the  quantity  of  air  in  the  column  resting  on  the  boiling  water 
remain  constant,  and  the  force  of  gravity,  or  the  attractive  force  of 
the  earth  on  a  particle  at  the  surface  of  the  water  be  altered,  then  the 
pressure  of  the  column  of  air  on  the  surface  of  the  water  and  the 
tension  of  the  air  at  the  bottom  of  the  column  will  be  altered 
correspondingly. 

If  the  force  of  gravity  has  been  increased,  the  pressure  of  the  air 
and  the  tension  of  the  air  at  the  bottom  of  the  column  will  be 
increased ;  and  if  the  temperature  of  the  water  remain  the  same  the 
tension  of  its  vapour  will  be  less  than  the  tension  of  the  air  in  con* 
tact  with  it,  and  it  will  cease  to  boil.  If  further  heat  be  supplied  to 
it,  its  temperature  will  rise  to  that  at  which  the  vapour  tension  of  the 
water  is  equal  to  that  of  the  increased  tension  of  the  air  at  its  surface, 
and  the  water  will  again  boil. 

If  the  force  of  gravity  has  been  reduced,  the  pressure  of  the  atmo- 
sphere and  the  tension  of  the  air  in  contact  with  the  boiling  water 
will  be  reduced.  The  vapour  tension  of  the  water  will  then  be 
higher  than  that  of  the  air  in  contact  with  it,  the  water  will  be  super- 
heated and  will  boil  for  a  time  without  any  further  supply  of  heat^ 
the  mper-hcat  in  the  water  being  sufficient.  When  this  is  exhausted, 
the  temperature  of  the  water  will  be  reduced  to  that  at  which  its 
vapour  tension  is  the  same  as  the  reduced  tension  of  the  air  in  con- 
tact with  it,  and  with  a  further  supply  of  heat  it  will  continue  to  boil 
at  this  temperature. 

During  these  changes  of  the  force  of  gravity  and  consequent 
changes  of  the  boiling-point  of  water,  the  height  of  the  barometer 
has  remained  without  change,  because  the  changes  of  force  of  gravity 
act  equally  on  both  limbs  of  the  siphon. 

In  the  same  way  a  balance  which  is  loaded  with  a  litre  of  water 
on  the  one  pan  and  a  kilogramme  of  platinum  on  the  other  remains  in 
equilibrium,  whatever  changes  may  be  made  in  the  force  of  gravity. 
If,  however,  the  litre  of  water  were  weighed  on  a  spring  balance  its 
weight  would  vary  in  the  same  proportion  as  the. force  of  gravity. 
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Its  weight  on  a  spring  balance  is  the  measure  of  the  power  which  it 
has  to  overcome  a  certain  constant  resistance,  the  resilience  of  the 
spring.  The  whole  of  this  power  is  conferred  on  it  by  the  force  of 
gravity.  By  virtue  of  its  mass  alone  it  has  no  such  power.  Hence, 
in  the  case  considered,  when  the  density  of  the  earth  is  supposed  to 
be  halved,  the  weight  of  the  litre  of  water  would  be  halved  also,  and 
it  would  be  registered  as  500  grammes  on  the  scale  of  the  spring- 
balance.  The  same  would  apply  to  the  kilogramme  of  platinum. 
The  spring-balance  would  give  its  weight  as  only  500  grammes,  and 
it  is  evident  that  under  the  altered  conditions  of  gravity  they  would 
still  balance  each  other  in  the  opposite  pans  of  a  pair  of  scales. 
Like  the  hypsometer,  the  aneroid  barometer  measures  the  pressure  of 
the  air,  not  the  height  of  the  barometer.  It  is  a  spring-balance, 
whilst  the  mercurial  barometer  is  a  pair  of  scales. 

The  gravitation  correction  for  the  barometer,  as  supplied  in  me- 
teorological instructions,  is  based  on  the  assumption  of  a  homogeneous 
earth,  and  refers  only  to  varying  distance  of  the  station  from  the 
centre  of  the  earth.  The  force  of  gravity  varies  inversely  with  the 
square  of  this  distance.  It  is  obvious  that  there  will  be  some  differ* 
ence  between  the  force  of  gravity  at  the  level  of  the  sea  and  that  at 
the  top  of  a  high  mountain  in  the  neighbourhood.  We  have  taken 
the  mean  radius  of  the  sphere  to  be  6371  kilometres.  At  a  height  of 
1000  metres  above  the  sea  the  force  of  gravity  is  less  than  it  is  at 
the  level  of  the  sea  in  the  proportions  6372^ :  6371^  =  0-99968.  At 
a  height  of  5000  metres  Uie  relative  reduction  is  0*99843,  and  at 
10,000  metres  it  is  0  •  99687. 

Owing  to  the  spheroidal  shape  of  the  earth,  places  at  the  sea  level 
are  at  different  distances  from  the  centre  of  the  earth  if  they  are 
situated  in  different  latitudes. 

The  most  recent  values  of  the  dimensions  of  the  earth's  spheroid 


Semi-ftxia  major 637S  kilometres. 

Semi-axiB  minor 6356         „ 

Difference 22         „ 


The  greater  radius  is  the  equatorial  and  the  smaller  the  polar, 
therefore  the  force  of  gravity  at  sea  level  is  a  maximum  at  the  poles 
and  a  minimum  at  the  equator,  and  the  relation  between  them  is 
0*  99311.  The  difference  between  the  equatorial  and  the  polar  radii 
is  about  three  times  the  height  of  the  highest  mountain  on  the  earth's 
surface. 
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In  order  to  illustrate  these  remarks  Table  XX.  has  been  con- 
structed. It  is  supposed  that  the  barometer  has  been  observed  at  a 
temperature  of  0°  C,  and  at  the  sea  level  in  the  latitudes  given  in 
the  first  column,  and  that  it  stands  always  at  a  height  of  735*5 
millimetres.  As  the  force  of  gravity  at  the  sea  level  increases  from 
the  equator  to  the  pole,  this  constant  barometric  height  corre- 
sponds to  a  true  atmospheric  pressure,  which  increases  as  the  pole  is 
approached.  This  is  given  in  the  second  column  in  grammes  per 
square  centimetre.  In  the  third  column  these  pressures  are  given  in 
terms  of  the  height  of  a  column  of  mercury  at  0°  G.  at  the  sea  level, 
and  in  latitvde  45°.  In  the  fourth  column  the  temperature  of  satu- 
rated steam,  or  the  boiling-point  of  water  under  these  true  pressures  is 
given.  It  will  be  seen  that,  other  things  being  the  same,  the  hMing- 
point  of  water  at  the  sea  level  is  0°*  147  C.  higher  at  the  pole  than  it  is 
at  the  equator.  This  figure  is  based  on  the  assumption  that  the  mass 
of  the  earth  is  homogeneous,  or  if  heterogeneous,  that  it  is  symmet- 
rically heterogeneous  with  reference  to  its  centre.  It  is  also  assumed 
throughout  the  whole  of  this  argument,  that  there  are  no  fluctuations 
in  the  atmosphere  itself,  and  that  the  quantity  of  air  in  a  column 
having  unit  area  of  base,  at  the  sea  level,  is  everywhere  the  same. 

Table  XX. — Gitiko  thb  Tbui  Atmospbebig  Pbessube  amd  the  Boilino-Poiht  or 
Wateb  Cobbesfondino  to  a  Babokbtbio  Height  of  735-5  UniLiMXTBEs  at 
0°  C.  AND  AT  tub  Sea  Level  in  Diffebeht  Latitudes. 
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Ceniimetre. 

IfiUlroetres 

Mercury  at 

0°C.aad 

Gravity  as  at 

Latitade  46<>. 

0° 
10<> 
20«> 
30<> 
40<> 
45° 

gr.  p.  cm*. 
1002-65 

1002-50 
1002-04 
1001-33 
1000-46 
1000  00 

mm. 
733-55 

733-66 
734-00 
734-52 
735- 16 
735-50 

99-012  . 

99  017 

99-029 

99048 

99-072 

99-087 

45*> 
50*» 

70° 
80° 
90° 

gr.  p.  cm'. 
1000  00 

999-54 

998-67 

997-80 

997-50 

997-35 

mm. 
735-50 

735-84 

736-48 

737-00 

737-34 

737-45 

99087 
99*099 
99123 
99  142 
99-155 
99-159 

In  the  tabular  example  it  is  imagined  that  we  carry  a  standard 
barometer  from  the  equator  to  the  pole,  and  that  we  read  it  at  the  sea 
level  in  certain  latitudes,  the  barometer  being  entirely  and  exactly 
at  the  temperature  of  melting  ice ;  and  it  is  further  imagined  that 
the  height  of  the  barometer  at  each  of  these  stations  is  found  to  be 
the  same,  namely,  735  '5  millimetres. 
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If  we  assume  that  the  force  of  gravity  is  the  same  at  the  sea 
level  in  all  latitudes,  then  the  fact  that  the  atmosphere  eVerjrwhere 
exercises  the  same  pressure  as  a  certain  standard  length  of  mercury, 
18  evidence  that  the  mass  or  the  quantity  of  air  in  a  column  of  the 
atmosphere  having  the  same  base  is,  at  the  sea  level,  everywhere  the 
same.  If  the  height  of  the  standard  barometer  had  not  been  the 
tame  at  each  of  these  stations,  and  at  the  same  time  it  was  known 
that  the  force  of  gravity  did  not  vary,  then  the  conclusion  would  be 
necessary  that  the  quantity  of  air  in  the  atmospheric  column  at  the 
lea  level  is  greater  in  one  latitude  than  in  another. 

If  the  height  of  the  standard  barometer  is,  as  postulated  in  the 
table,  the  same  at  each  of  the  stations,  and  if  it  is  known  that  the 
force  of  gravity  is  not  constant,  then  the  height  of  the  standard 
barometer  of  itself  gives  us  no  information  regarding  the  pressure  of 
the  atmosphere.  The  constancy  of  the  height  of  the  standard  baro- 
meter justifies  no  other  conclusion  than  that  the  pressure  of  the 
atmosphere  is  different  in  different  latitudes. 

If  the  law  of  the  variation  of  the  force  of  gravity  with  change  of 
latitude  is  known,  then  the  constant  height  of  the  barometer  allows 
Qfl  to  arrive  at  the  relative  pressure  of  the  atmosphere  at  different 
latitudes.  If,  in  addition,  the  absolute  value  of  the  force  of  gravity 
at  any  one  latitude  is  known,  the  constant  height  of  the  standard 
barometer  enables  us  to  conclude  what  is  the  absolute  pressure  of  the 
atmosphere  at  the  different  latitudes. 

If  the  distribution  of  matter  in  the  earth  is  homogeneous,  and  if 
the  force  of  gravity  at  the  sea  level  varies,  then  the  conclusion  is 
necessary  that  different  stations  at  the  sea  level  are  at  different  dis- 
tances from  the  centre  of  the  earth,  or  they  are  at  different  aititvdes, 
referred  to  this  point  as  fundamental  datum. 

If  the  law  which  connects  the.  variation  of  the  force  of  gravity 
with  distance  from  the  attracting  centre  is  known,  the  distance  of  the 
tea  level  in  any  locality  from  the  centre  of  the  earth  is  at  once  ascer- 
tained by  determing  the  force  of  gravity  there ;  hence  the  gravitational 
method  of  determining  the  figure  of  the  earth.  Here  it  must  be 
remarked  that  a  perfect  survey  of  i^<d  figure  of  the  earth  may  be  given 
without  affording  any  information  about  its  size. 

To  return  to  the  barometric  data  in  the  table,  we  see  that  while 
the  height  of  our  standard  barometer  was  the  same,  735  *  5  mm.  at 
every  station,  the  indications  of  the  hypsometer  or  the  boiling-point 
nried.  It  has  been  shown  that  the  height  of  the  barometer  is  not 
affected  by  change  in  the  force  of  gravity,  but  that  the  pressure  of  the 
atmosphere  is  so  affected ;  we  might  conclude  that  in  the  temperature 
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of  saturated  steam,  or  the  boiling-point  of  water,  at  the  sea  level,  we 
have  a  method  of  determining  the  force  of  gravity  at  any  place  at 
that  level.  But  we  must  be  on  our  guard.  Our  knowledge  of  the 
relation  existing  between  the  boiling  point  of  water  and  the  pressure 
on  its  surface  is  derived  from  observations  of  the  barometer.  There- 
fore, from  the  boiling  point  of  water  we  cannot  get  ahsoltUe  data  with 
regard  to  the  force  of  gravity.  But  it  may  be  that  it  can  afford 
information  about  the  variations  of  the  force  of  gravity. 

For  instance,  we  observe  our  standard  barometer  having  the  tem- 
perature of  melting  ice  at  the  sea  level,  in  lat.  20^  45°  and  70^  and 
at  each  of  these  places  its  height  is  735 '  5  mm. ;  we  apply  the  usual 
correction  to  reduce  this  barometric  height  to  the  equivalent  height 
when  the  mercury  is  exposed  to  the  same  gravitational  force  of 
attraction.  By  convention,  the  standard  force  of  terrestial  attraction 
is  taken  to  be  that  exerted  at  the  sea  level  in  lat.  45^  The  baro- 
metric heights  thus  adjusted  are  now  734,  736 '  5  and  737  mm.,  and 
these  columns  of  mercury  under  the  influence  of  standard  gravity 
exercise  pressures  of  1002*04, 1000  and  997*8  grm.  per  square  centi- 
metre. It  results  from  experiments,  principally  by  Begnault,  on  the 
relation  between  the  boiling  point  of  water  and  the  height  of  the 
standard  barometer,  that  at  these  true  pressures  water  boils  at 
99°- 029,  99^-087  and  99^-142  C.  respectively. 

Supposing  that  we  take  the  hypsometer  to  these  latitudes,  and 
that  we  determine  the  boiling  point  of  water  with  every  care  at  each 
latitude  at  the  sea-level  when  the  standard  barometer  at  0^  C.  stands 
at  735  *  5  mm.,  and  we  find  that  the  boiling  point  is  the  same,  namely 
99*087°  C.  at  all  these  latitudes,  then  we  conclude  that  the  true 
pressure  of  the  atmosphere  at  each  of  the  localities  is  1000  grm.  per 
square  centimetre.     But  we  know  from  the  geodetic  determination 
of  the  figure  of  the  earth  that  the  sea-level  is  nearer  the  centre  in 
lat.  70°  than  it  is  in  lat.  45°,  and  nearer  in  lat.  45°  than  in  lat.  10°. 
If  the  earth  is  homogeneous  the  force  of  gravity  miLst  be  greater  at 
lat.  70°  than  at  lat  45°,  and  at  lat.  45°  than  at  lat,  10°.     But  from 
the  identity  of  the  height  of  the  barometer  at  the  three  localities  we 
know  that  the  mass  of  the  atmospheric  column  is  the  same  at  the 
three  places,  and  from  the  identity  of  the  boiling  point  of  water  we 
know  that  the  weight  of  the  three  columns  or  the  atmospheric  pres- 
sure is  the  same  in  the  three  places.    As  the  force  of  gravity  depends 
only  on  the  mass  of  the  attracting  body  and  on  the  distance  of  its 
centre  from  the  attracted  body,  and  we  find  that,  when  this  distance 
is  varied  in  a  certain  measure   no   alteration   is  produced  in  the 
effective  force  of  gravity  the  conclusion  is  necessary,  that  the  effect 
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of  Taiiation  of  distance  has  been  exactly  compensated  by  variation 
of  the  efifective  attracting  mass.  In  the  example  taken  we  find  the 
force  of  gravity  in  lat.  10**  greater  than  it  should  be,  and  in  lat.  70° 
less  than  it  should  be. 

As  the  attraction  of  the  whole  earth  on  a  particle  at  its  surface 
is  the  sum  of  the  attractions  of  all  the  particles  that  make  up  its 
mass ;  and  as  the  attractive  force  of  each  particle  of  the  earth's  mass 
on  the  particle  at  its  surface  is  inversely  proportional  to  the  square 
of  its  distance  from  that  particle,  it  is  evident  that  the  particles  in 
the  vicinity  of  the  attracted  body  will  exercise,  mass  for  mass,  a 
much  greater  attraction  on  the  body  than  the  particles  that  are  more 
remote,  for  instance,  at  the  opposite  end  of  the  diameter  of  the 
sphere.  Therefore,  the  occurrence  of  rocks  of  relatively  high  density 
near  the  surface  in  a  locality  may  easily  cause  an  exaggerated  foroe 
of  gravity  in  the  locality,  and  the  occurrence  of  rocks  of  relatively 
low  density  may  cause  an  analogous  deficiency  of  local  gravitational 
attraction. 

Looking  to  the  great  variety  of  mineral  substances  which  we  meet 
with  in  the  surface  crust  ^of  the  earth,  and  to  the  differences  of  their 
densities,  it  is  not  surprising  that  recent  observations  with  the 
pendulum  show  that  local  peculiarities  of  the  force  of  gravity  are  the 
rule  and  not  the  exception.  The  differences  in  neighbouring  localities 
are  not  usually  great,  but  the  pendulum  is  an  instrument  of  almost 
infinite  delicacy,  so  that  with  patience  the  gravitational  map  of  a 
district  can  be  correctly  constructed,  no  matter  how  slight  the 
differences  may  be. 

It  will  be  evident  from  the  examination  of  Table  XX.,  that  by  the 
combined  use  of  the  barometer  and  the  hypsometer  we  have  in  our 
hands  the  means  of  determining  local  deviations  of  the  force  of 
gravity  from  its  normal  value. 

Rule  for  detecting  the  deviation  of  the  local  force  of  gravity  from 
the  normal  by  simtUtaneotts  observations  of  the  standard  height  of  the 
harometer  and  of  the  boiling-point  of  water. 

Determine  the  height  of  the  barometer  at  0°  C.  Apply  the 
gravitation  correction  for  distance  of  the  locality  from  the  centre  of 
the  earth,  so  as  to  reduce  it  to  its  equivalent  height  when  the  mercury 
IB  exposed  to  the  attraction  of  the  standard  foroe  of  gravity,  as  at  the 
tea-level  in  latitude  45°.  Determine  the  boiling  point  of  water  at 
the  same  time  and  place.  Refer  to  the  tables  connecting  this  boiling 
point  of  water  witii  standard  barometric  pressure,  and  from  them  take 
oat  the  boiling  point  corresponding  to  the  observed  standard  baro- 
metric pressure.     If  the  tabular  and  the  observed  boiling  points  are 
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identical,  then  the  force  of  gravity  at  the  place  is  normal.  If  the 
tabular  boiling  point  is  higher  than  the  observed  boiling  point,  then 
the  local  force  of  gravity  is  less  than  the  normal ;  if  it  is  lower  than 
the  observed  boiling  point,  then  the  local  force  of  gravity  is  greater 
than  the  normal.  In  arriving  at  these  conclusions,  we  postulate  the 
complete  exactness  of  the  tables  giving  the  relation  between  baro- 
metric pressure  and  the  temperature  of  saturated  steam,  and  of  those 
giving  the  normal  gravitational  correction  for  latitude  and  for  height 
above  the  sea. 

The  use  of  the  hypsometer  along  with  the  barometer  may  give 
valuable  results  at  sea.  It  may  give  us  a  means  of  divining  changes 
of  depths  of  the  ocean^  especially  in  tropical  latitudes  where,  when  the 
sea  is  calm,  all  the  conditions  for  such  experiments  are  most  favourable. 
On  land,  the  subject  has  been  taken  up  with  great  zeal  by  Professor 
Mohn,*  the  distinguished  head  of  the  Norwegian  Meteorological  Ser- 
vice. Ue  has  already  published  a  preliminary  report,  and  further 
reports  from  hini  will  be  expected  with  interest.  In  his  hands  this 
method  will  be  thoroughly  tested  in  all  directions. 

It  is  not  suggested  that  such  observations  should  be  made  by  the 
Antarctic  Expedition.  The  margin  of  0^*  147  C.  between  the  normal 
boiling  point  at  the  poles  and  at  the  equator  shows  that  very  fine 
thermometers  would  be  required,  and  many  other  refinements  are 
necessary.  It  is  quite  evident  that  the  height  of  the  barometer  at 
0^  C.  can  be  arrived  at  with  the  requisite  certainty  only  if  the 
barometer  has  been  hanging  for  at  least  a  day  in  a  room  of  uniform 
temperature.  Of  course  the  whole  of  the  working  part  of  the  thermo- 
meter must  be  immersed  in  the  steam.  Correction  for  an  exposed 
portion  of  the  mercurial  thread  of  the  thermometer  is  quite  in- 
admissible. The  combined  use  of  the  barometer  and  the  thermo- 
meter has  been  discussed  at  this  length  because  it  affords  an 
opportunity  of  arriving  at  precise  ideas  of  this  fundamental  principles 
of  both  instruments,  and  of  the  uses  to  which  each  may  be  legiti- 
mately put. 

A  legitimate,  and  at  the  same  time,  an  eminently  practical  use  of 
the  hypsometer  is  to  replace  the  mercurial  barometer  in  the  deter- 
mination of  the  atmospheric  pressure,  and  in  the  comparison  of 
barometers  at  distant  stations.  On  all  camping  excursions  it  is 
necessary  to  have  the  means  of  boiling  water,  and  except  under 
stress  of  circumstances,  it  is  boiled  night  and  morning.  Saturated 
steam  is  therefore  produced  in  the  ordinary  day's  work;  it  is  only 

*  Dm  Hyptometer  als  LnftdraokmeMer,  ron  H.  Mohn.    Chriatiftii]*,  1899. 
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necessary  to  provide  the  means  of  bbserving  its  temperature  accu- 
rately. 

The  aneroid  barometer  has  been  mentioned  as  having,  in  some 
respects,  the  same  advantages  as  the  hypsometer,  and  it  might  be 
thonght  that  the  aneroid  can,  on  such  excursions,  replace  both  the 
mercurial  barometer  and  the  hypsometcr.  But  this  is  not  so.  The 
aneroid  is  a  spring  balance,  and  its  spring  soon  gets  tired,  so  that,  for 
instance,  on  an  excursion  in  mountainous  countries,  it  might,  on 
arriving  in  the  evening  at  the  camping  place,  show  a  certain  pressure 
of  the  atmosphere,  and  the  next  morning  it  might  show  a  difTerent 
pressure,  even  although  the  real  pressure  had  not  varied  in  the 
interN'al.  If  the  temperature  of  boiling  water  varies  in  the  same 
place,  it  is  proof  that  the  pressure  of  the  atmosphere  has  varied. 
But  although  the  aneroid  cannot  replace  the  hypsometer,  it  may 
with  advantage  be  used  in  connection  with  it  for  determining  local 
variations  of  height  or  of  atmospheric  pressure  during  one  day.  The 
night  and  morning  comparisons  with  the  hypsometer  give  its  error 
and  rate  for  that  day. 

Examples  of  Rapid  Variations  of  Atmospheric  Temperature, 

especially  during  fohn. 

The  following  pages  contain  the  record  of  peripatetic  meteoro- 
Idgical  observations  made  at  different  times.  They  are  reprinted 
from  a  paper  *  on  this  subject  published  in  the  Proceedings  of  the 
Boyal  Society  in  1894 

**  The  variation  of  the  temperature  of  the  air  in  the  course  of  a 
day  is  a  matter  of  familiar  observation.  It  depends  in  the  first 
instance  on  the  relative  positions  of  the  locality  and  the  sun.  The 
temperature  is  generally  highest  a  short  time  after  the  sun  has 
attained  its  greatest  altitude  above  the  horizon,  and  it  is  lowest  some 
time  after  it  has  attained  its  greatest  depression  below  the  horizon. 
Observations  made  at  regular  intervals  over  the  twenty-four  hours 
show  a  more  or  less  regular  rise  of  temperature  during  the  early  part 
of  Uie  day  and  a  similar  fall  of  temperature  during  the  latter  pai*t  of 
the  day  and  the  evening.  When  the  interval  between  the  observa- 
tions is  diminished  the  regularity  of  the  march  of  temperature  is 
ftmnd  to  diminish  also,  but  the  great  variability  of  the  temperature 
of  the  air  is  best  shown  by  the  curve  drawn  by  a  recording  ther- 

*  *  Oq  Bapid  YarUtions  of  Atmospliario  Temperature,  especially  daring  Fohn,  and 
the  BwUioda  of  obaerving  them,'  bj  J.  Y.  Buchanan,  F.B.8.    Proe.  B.  8.  (1894X  Tcd.  ItI. 
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mometer  of  sufficient  sensibility  combined  with  a  clock  movement  of 
suitable  velocity.  Such  an  instrument  draws  a  sinuous  line  which  is . 
generally  smooth  during  the  night  and  serrated  during  the  day. 
The  shape  and  the  crowdedness  of  the  teeth  on  the  serrated  daylight 
portion  of  the  line  have  a  close  connection  with,  and  are  to  a  certain 
extent  an  indication  of,  the  character  of  the  existing  weather.  In 
general  the  indented  character  of  the  daylight  curve  is  an  indication  of 
the  disturbing  influence  of  the  sun  on  the  equilibrium  of  the  atmo- 
sphere, and  this  continues  just  as  long  as  he  is  above  the  horizon ; 
after  sunset,  the  atmosphere  quickly  reverts  to  a  state  of  greater 
stability." 

It  is  only  necessary  to  watch  a  thermometer  during  one  or  two 
minutes  to  be  convinced  of  the  great  variability  of  the  temperature 
of  the  air  not  only  from  one  minute  to  another,  but  almost  from 
second  to  second.  This  is  most  easily  and  most  briefly  shown  by 
quoting  the  series  of  observations  made  at  St  Moritz,  in  the  Engadine, 
in  February  1894. 

"  In  the  winter  of  this  year  I  revisited  the  Engadine,  and  stayed 
for  a  fortnight  at  St.  Moritz.     As  the  room  which  I  occupied  faced 
due  north,  the  window  of  it  was  convenient  for  making  observations 
of  the  temperature  of  the  air.     From  the  24th  February  to  the 
3rd  March  I  made  every  morning  a  series  of  observations  of  the  tem- 
perature of  the  air,  beginning  when  there  was  just  light  enough  to 
read  the  thermometer,  and  continuing  till  between  8  and  9  o'clock  in 
the  morning.     At  first  I  took  the  temperature  every  minute,  but 
finding  the   oscillations  of  temperature  very  great,  I  reduced  the 
intervals  to  twenty  seconds,  and  sometimes  to  fifteen  seconds.    To 
print  the   observations  in  extenso  would  occupy  too   much   space, 
but  the  striking  features   can  be  easily  summarised.     They  are 
given  in  Table  XXI.      Excepting  on  the    26th  February,  when 
it  was   snowing   all   the  morning,   the    observations  embrace  the 
interval  of  an  hour  or  an  hour  and  a  half  after  sunrise.     The  time 
was  devoted  entirely  to  this  object,  and  observations  were  made 
at  as  close  dates  as  possible.     Working  alone,  an  interval  of  twenty 
seconds  is  quite  convenient;    shorter  intervals  cause  hurry.     The 
time  immediately  following  sunrise  is  when  one  would  expect  the 
temperature  of  the  air  to  rise  continuously,  if  not  regularly ;  but  we 
see  that  so  far  from  rising  continuously  and  regularly  the  thermo- 
meter rises,  falls,  and  remains  stationary  quite  irregularly.     On  some 
days,  as  on  the  28th  February,  these  irregularities  are  comparatively 
few  ;  on  others,  as  on  the  Ist  and  2nd  of  March,  they  are  numerous. 
The  largest  rise  or  fall  in  twenty  seconds  is  0°  •  5  C.    From  experi- 
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Tabls  XXL,  eiTiNO  Results  of  Obsbbyations  of  ths  Tsmpebatube  of  tbb  Aib 

AND  ITS  VaBIATIONS  AT  8t.   MoBITZ. 


D«te,18M. 

Time  of 
olwwAttmi. 

IJmits 

of 
temper- 
ature. 

Interval 
between 
observa- 
tions. 

Number  of  intervals  in 

which  the  temperature 

was  observed  to 

Total 
number 

of 
intervals. 

Maximum  rise 
or  &11  in  any 
one  Interval. 

1 

Rise. 

Fall. 

Remain 
constant. 

Rise. 

Fall. 

o 

It 

o 

o 

25  Feb.    . 

6.24  a.m. 

to 
7.32     „ 

-80 
-50 

60 

32 

22 

13 

67 

0-51 

0i)0 

26    „       . 

11.10    „ 
to 
1.19  p.m. 

+8-25 
+3-5 

20 

32 

33 

61 

126 

013 

0-50 

27    „       . 

6.55  a-m. 

to 
8.40    „ 

+1-75 
+5-35 

20 

80 

43 

45 

168 

0-37 

0-47 

28    „       . 

7.0      „ 

to 
8.2      „ 

-6-48 
-10 

20 

103 

37 

45 

185 

0-25 

0-20 

lHarch 

6-30    „ 

to 
7.30    „ 

-4-25 
-21 

15 

93 

68 

80 

241 

0-25 

0-20 

2       n 

6.38    „ 
to 
8-6    „ 

-6-23 
-203 

13 

158 

118 

131 

407 

0-23 

0*18 

s     . 

6.30    „ 

to 
8-6      „ 

-6-55 
-1-68 

20 

120 

89 

77 

285 

0-28 

0-20 

inents  in  calm  air  outside  and  in  still  air  in  a  room,  we  find  that  for 
this  thermometer  to  rise  or  fall  0^*5  C.  in  twenty  seconds  the  tem- 
perature of  the  air  around  it  must  be  from  2'' '25  C.  to  4*'*65C.  hotter 
or  colder  than  the  thermometer.  Taking  even  the  lowest  of  these 
▼alues,  we  see  how  great  the  possible  error  is  in  measuring  the 
actual  temperature  of  the  air  at  any  moment  with  a  thermometer, 
and  the  error  is  the  greater  the  more  sluggish  the  instrument  is.  In 
Table  XXIL  the  detailed  observations  are  given  for  a  few  minutes 
on  the  26th  of  February,  when  the  temperature  was  changing  very 
npidly.  In  the  third  and  fourth  columns  the  rise  or  fall  of  the 
ohBerved  temperature  is  given  In  the  fifth  and  sixth  columns  the 
conesponding  differences  between  the  temperature  of  the  air  and 
that  of  the  thermometer  which  would  cause  the  observed  rate  of 
dumge  of  temperature  are  given  ;  with  these  and  the  observed 
temperatures  we  obtain  the  amended  temperatures  of  the  seventh 
ttlmniL.  Although  it  was  snowing  on  the  26th,  the  air  was  per- 
iKfljr  still,  and  the  rate  of  cooling  corresponding  to  the  Uerm' 
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Tablb  XXII.— TcapiaATUBE  or  tbs  aib  at  Bt.  Hobttz,  ouebtbd  at  iHratTAU 


OtwrvHl 

,»,™,. 

"'^ 

<n.Jlng 

.^. 

ninpfi 

™« 

FilL 

IUh. 

«™. 

T.C. 

- 

+ 

"-7 

■r  =  T  +  (. 

F^ 

in.. 

AM. 

b.     a.    ■. 
11     18    45 

+  588 

.. 

■■ 

{i'48 

19      S 

600 

012 

OtiO 

B-60 

0-13 

SS 

G12 

012 

0-60 

6-72 

0-12 

45 

6-!9 

0-13 

060 

y-2S 

047 

!0      6 

G-25 

6-25 

25 

6-25 

5-25 

1-00 

43 

eoo 

0-25 

POO 

4-HO 

0-95 

11      5 

5-62 

0-88 

1  70 

3-37 

0-93 

!5 

aia 

0-50 

2-25 

' 

412 

0-75 

45 

4-SS 

0-24 

100 

263 

119 

SE      5 

4-38 

0-50 

a-25 

2' 13 

0-50 

25 

3S8 

0-50 

'' 

2-25 

3-88 

0-75 

45 

3-MI 

B2S 

0-50 

28      5 

3-73 

013 

0-60 

3-75 

0-47 

25 

8-75 

.. 

437 

.. 

0-62 

45 

8  B8 

013 

0-GO 

3-88 

0.49 

34      5 

3-88 

3-28 

050 

25 

3-75 

0-13 

0-60 

3-15 

0'13 

45 

3' 62 

0-13 

0-60 

3-12 

003 

35      5 

3-M 

0-12 

0-50 

3-00 

012 

25 

3-62 

0-12 

0.50 

4  00 

100 

4S 

3'Sa 

012 

0-50 

3-12 

0-88 

2e  S 

S-AO 

3-50 

038 

25 

S'50 

eighty  seconds  haa  been  applied.  Had  the  rate  of  cooling  of  the 
tbermoweter  in  the  still  air  of  a  room  been  taken,  the  difTerence 
between  amended  and  observed  temperatures  wotUd  have  been 
nearly  twice  as  great 

"  Charaderistics  of  Fohn  Weather. — These  observations  show  how 
rapidly  the  tt;T[i[ier)ituri;  of  the  air  may  vary  even  in  ordinary 
weather.  There  is  a  class  of  weather  which  is  generally  known  by 
its  Alpine  name  Fohn,  the  distinguishing  feature  of  which  is  the 
rapidity  with  which  the  temperature  of  the  air  changes  from  moment' 
to  moment,  and  tlie  exceptionally  high  average  temperature  of  the  sir. 
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"  It  has  been  most  observed  in  the  valleys  stretching  in  a  northerly 
direction  from  the  main  summit  line  of  the  chain  of  the  Alps  and  takes 
the  form  of  an  abnormedly  warm  wind  blowing  from  i^he  mountains 
towards  the  plain.  It  has  largely  occupied  the  attention  of  continental 
meteorologists,  and  more  particularly  it  has  been  the  subject  of  exhaus- 
tive investigations  by  Hann,  who  has  shown  by  very  strong  evidence 
that  its  high  temperature  must  be  due  to  its  compression  in  descend- 
ing from  a  great  altitude.  In  the  descriptions  of  the  Fdhn,  attention 
is  almost  exclusively  directed  to  the  high  average  temperature  of 
the  air,  and  no  mention  is  made  of  its  extraordinary  variations, 
although  every  observer  must  have  noticed  them.  They  are  so  great 
as  to  be  recognised  at  once  by  the  sensations  and  at  the  same  time  so 
rapid  as  to  elude  almost  every  other  method  of  estimation  or  measure- 
ment. It  has  also,  I  believe,  not  been  before  remarked  that  the  true 
Fdhn  occurs  in  our  own  country  and  with  its  characteristics  quite 
as  well  marked  as  in  Switzerland.  It  is  sometimes  supposed 
that  a  great  absolute  height  of  mountain  chain  is  required  for  its 
production;  but  this  is  not  so.  A  relative  height  of  1000  to 
1200  metres  is  quite  sufficient  for  its  production;  and  this  is 
equally  available  on  the  west  coast  of  Scotland  and  on  the  northern 
slopes  of  the  Alps. 

"  Some  observations  were  made  in  the  summer  of  1893,  which  was 
abnormally  warm  all  over  the  north  of  Europe.  In  the  beginning  of 
July  I  observed  the  Fdhn  at  Fort  William,  and  in  the  latter  part  of 
August  in  the  upper  Engadine,  and  more  particularly  in  the  valley 
occupied  by  the  Morteratsch  glacier.  Besides  the  observation  of  the 
varying  temperature  of  the  air  itself,  the  investigation  of  the  tem- 
perature gradient  set  up  between  the  melting  ice  surface  of  the 
glacier  and  the  hot  winds  blowing  over  it  presented  considerable 
interest.  The  curious  fact  was  observed  that  while  the  hot  wind 
was  blowing  over  the  glacier  and  melting  the  surface  in  abundance, 
the  temperature  of  che  air,  as  close  to  the  ice  as  a  thermometer 
could  be  applied  without  touching  the  ice,  was  never  lower  than 
5^-5  C. 

"  In  the  beginning  of  July  at  Fort  William  the  weather  was  very 
warm,  and  in  the  midst  of  very  warm  air  still  hotter  blasts  made 
themselves  felt  from  time  to  time.  The  ssnsation  was  much  the 
same  as  is  produced  when,  on  the  deck  of  a  steamer,  the  air  passing 
the  funnel  strikes  the  face.  These  hot  blasts  lasted  only  for  one  or 
two  seconds,  and  repeated  themselves  every  minute  or  two.  Their 
effect  on  a  thermometer,  freely  exposed  in  the  shade,  was  to  keep  the 
mercury  in  a  constant  state  of  motion,  the  temperature  rising  often 
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more  than  1°  C.  in  a  minute,  and  falling  agedn  as  mucL  The  ther- 
mometers in  the  screens  were  also  a  good  deal  affected,  though  not 
nearly  to  the  same  extent  as  the  fireely  exposed  ones.  The  recording 
instruments,  the  clock  motion  of  which  was  not  sufficiently  quick  to 
draw  the  record  out  into  an  indented  line,  showed  a  broad  band 
which  measured  the  amplitude  of  the  excursions  of  the  instrument, 
though  by  no  means  the  amplitude  of  the  oscillations  of  the  tem- 
perature of  the  air.  This  phenomenon  was  particularly  observed  on 
the  8th  July,  1893.  It  was  very  warm,  as  the  following  observations 
of  the  thermometers  in  the  large  observatory  screens  will  show  : — 

Table  XXIIL 


Hoar. 


Dry  bulb  C®0.)  .     . 
Wet  bulb  (*>0.)  .     . 
Vapour  tension  (mm.) 
Relatiye  humidity  . 


9  a.m. 

10  a.m. 

NOOD. 

ap.m. 

201 

22*4 

24-9 

23-8 

17-7 

17-3 

18-2 

17-7 

13-6 

11-5 

11-5 

11-3 

77 

58 

49 

52 

4  p.m. 

18-9 
16-6 
12-6 

77 


'^  It  was  during  the  heat  of  the  day,  from  10  a.m.  to  2  p.m.,  that 
the  hot  puffs  made  themselves  most  felt ;  but  I  found  it  impossible 
to  measure  their  temperature,  owing  to  the  thermal  inertia  of  the 
thermometers.  The  puffs  lasted  not  longer  than  one  or  two  seconds, 
and  their  temperature,  to  judge  by  the  sensation,  was  rather  higher 
than  that  of  the  body.  The  thermometers  had  only  begun  to  rise 
when  the  heating  ceased,  and  they  fell  back  again.  From  the  figures 
in  the  above  table,  it  will  be  seen  that  the  temperature  of  the 
air  at  noon  reached  24*9°  C,  a  very  high  figure  for  a  station  in 
nearly  57°  north  latitude.  Along  with  the  great  rise  of  tempera- 
ture there  is  a  fall  of  absolute  as  well  as  of  relative  humidity, 
indicating  that  the  air  has  come  from  a  greater  altitude.  Attempts 
to  measure  the  actual  temperatures  of  the  hot  puffs  gave  no 
satisfactory  result." 

These  few  lines  will  give  an  idea  of  the  nature  of  the  weather 
called  Fohn,  The  temperature  of  the  air  is  abnormally  high,  and  it 
is  very  unequally  distributed  through  the  mass  of  the  air.  The 
atmosphere  seems  rather  to  be  made  up  of  sheets  of  air  of  very 
different  temperature ;  it  is  also  very  dry. 

In  the  Antarctic  regions  there  are  plenty  of  high  mountains  and 
sharp  gradients,  and  it  is  certain  that  conditions  described  as 
characterising  Fohn  must  occur  in  some  localities  under  certain 
meteorological  conditions.    Drygalski  has  called  attention  to  the 
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importance  of  Fohn  as  a  climatic  factor  in  Greenland.  Where  the 
heat  disengaged  by  the  contraction  of  the  descending  air  is  sufficient 
to  raise  its  temperature  above  that  of  melting  ice,  its  effect  is  at  once 
apparent,  and  the  fact  that  the  West  Coast  of  Greenland  is  free  from 
land-ice  at  and  near  the  sea-level,  is  attributed  mainly  to  the  heat 
of  the  Fohn,  It  is  evident  that,  in  the  middle  of  winter  with  a 
general  temperature  of  —  30®  C.  to  —  50°  C.  Fohn  may  prevail  without 
its  being  able  to  raise  the  temperature  of  the  air  to  that  of  melting 
ice.  Indeed,  it  may  even  raise  it  above  this  temperature,  but  the  air 
will  not  melt  any  ice  in  the  open  until  it  has  raised  its  temperature 
from  —  30°  or  —  50°  up  to  0°  C,  and  this  will  take  some  time, 
which  may  be  longer  than  that  during  which  the  Fohn  prevails.  In 
summer  in  Greenland,  the  general  temperature  of  the  air  is  above 
that  of  melting  ice,  and  the  effect  of  Fohn  is  observed  in  the  increased 
melting  of  the  ice.  From  the  observations  of  Mr.  Bemacchi,  there 
seems  to  be  reason  to  suppose  that  the  surface  of  the  ice;which  forms 
the  great  barrier  does  not  usually  rise  to  its  melting  point  even  in 
the  warmest  month,  February.  Apart  from  the  indications  of  the 
thermometer,  in  Greenland  the  occurrence  of  Fohn  was  made  most 
evident  in  spring  and  autumn  by  its  producing  melting  of  the  ice, 
which  without  it  did  not  take  place. 

"  Later  in  the  year,  in  the  middle  of  August,  I  visited  the  upper 
Engadine,  and  stayed  for  some  weeks  at  Pontresina.  Here,  as  else- 
where, the  weather  was  very  warm,  and  I  was  much  struck  by 
observing  the  same  blasts  of  hot  air  as  I  had  experienced  in  Scotland. 
The  general  characteristics  of  the  weather  were  the  same,  and  the 
temperature  of  the  air  in  the  valley  rose  nearly  as  high  as  it  had 
done  at  Fort  William. 

**  On  the  18th  August  I  went  for  an  excursion  on  the  Morteratsch 
glacier  with  a  guide.  On  my  remarking  the  hot  puffs  of  air,  which 
were  much  more  striking  on  the  ice  than  on  the  land,  he  said  it  was 
the  Fohn,  of  which  he  considered  them  a  characteristic.  The  sun 
and  the  hot  wind  were  causing  an  enormous  amount  of  surface 
melting  of  the  ice,  and  having  a  thermometer  with  me,  I  took  the 
temperature  of  the  air  by  whirling  at  a  height  of  about  1  m.  from 
the  ice,  and  found  it  12° '0  C. ;  the  wet  bulb  was  5°'0,  so  that  the 
vapour  tension  was  2*3  mm.,  the  relative  humidity  22,  and  the  dew 
poiut  —  8°*6  C.  The  great  dryness  of  the  air  will  be  remarked-  I 
then  swung  the  thermometer  in  a  couical  path  as  close  to  the  ice 
as  possible,  and  the  temperature  of  the  air  was  10°'0  C.  Being 
astonished  to  find  this  high  temperature  close  to  the  ice,  I  put  the 
bxilb  of  the  thermometer  into  a  crack  in  the  ice,  so  as  to  be  below 
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the  level  of  the  surface  of  the  ice,  and  its  temperature  only  went 
down  to  7-5^  C. 

"  All  the  temperatures  were  taken  with  a  mercurial  thermometer, 
which  was  whirled  at  the  end  of  a  string  so  that  its  velocity  was 
about  6  m.  per  second.  It  was  not  protected  in  any  way,  so  that 
the  temperatures  observed  with  it  are  not  free  from  a  certain  error 
due  to  radiation  and  reflection,  although  it  was  always  shaded  from 
the  direct  sun.  These  errors  are  not  usually  great  with  a  whirled 
instrument,  and  most  of  my  observations  have  to  do  with  differences 
of  temperatures  observed  with  the  same  instrument  and  under 
similar  circumstances.  On  the  glacier  the  thermometer,  when 
whirled,  was  not  apparently  affected  by  radiation  or  reflection  from 
the  ice,  and  only  very  slightly  by  that  from  the  sun.  On  land  I 
remarked  that  the  greatest  disturbing  effect  is  produced  by  sunlight 
reflected  from  grass.  If  the  thermometer  was  whirled  in  the  shade 
of  a  north  wall  with  a  grass  field  or  hill-side  close  by,  the  thermo- 
meter would  be  immediately  affected  to  the  extent  of  one  or  two 
degrees,  according  as  the  sun  shone  on  the  grass  or  was  obscured  by 
a  cloud.  The  effect  was  immediate  the  moment  the  sun  came  out ; 
sunlight  reflected  from  rocks  and  light-coloured  surfaces  did  not 
produce  the  same  effect. 

"  On  the  19th  August  I  returned  to  the  glacier.  At  11  a.m.  in  the 
valley  below  the  glacier  I  found  the  temperature  of  the  air  22**  C, 
and  the  wet  bulb  12**' 5,  whence  the  vapour  tension  is  5*0  mm.,  and 
the  relative  humidity  26.  In  determining  the  temperature  of  the 
air  by  whirling  the  thermometer  I  found  variations  of  as  much  as  2\ 
The  hot  puffs  of  air  made  themselves  felt  most  markedly,  and  showed 
that  the  real  variations  of  the  temperature  of  the  air  were  much 
greater  than  the  thermometer  showed.  At  1  p.m.,  on  the  hill-side, 
to  the  west  of  the  tongue  of  the  glacier,  and  at  a  height  of  about 
2100  m.  abx>ve  the  sea,  four  good  observations  of  the  temperature 
were  made,  giving  17° -5,  18^-0,  19° -5,  and  19°- 0;  they  are  all 
equally  trustworthy,  and  represent  the  average  temperatures  of  the 
air  during  the  minute,  or  minute  and  a  half,  that  the  thermometer 
was  whirled.  The  mean  of  these  values,  18° '5  is  taken  as  the  tem- 
perature of  the  air.  For  determining  the  temperature  of  the  wet 
bulb,  the  bulb  of  the  thermometer  was  wrapped  round  with  one 
thickness  of  Swedish  filtering  paper  thoroughly  moistened,  and  the 
thermometer  was  whirled  as  before  and  until  the  temperature  ceased 
to  fall ;  it  then  stood  at  9°  *  5.  Still  higher  up  the  hill  at  an  altitude 
of  2250  m.,  the  temperature  of  the  air  at  2  p.m.  was  18°* 6  C.  Having 
returned  to  the  spot  where  the  observations  had  been  made  at 
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1  p.m.  the  following  air  temperatures  were  observed  : — between  2.40 
and  2.46  p.m.,  17°-5,  18°-0,  17°-5,  17°-0,  17°-3,  17°-1;  mean, 
ir-4;  and  between  2.50  and  2.54  p.m.  16°'5,  16°-5,  16^-7, 
and  16^-5;  mean,  IB^'-SS.  The  mean  of  the  two  sets  is  17°'06. 
It  must  be  repeated  that  each  of  these  individual  observations  is  a 
faithful  indication  of  the  average  temperature  of  the  air  in  which  the 
thennometer  was  whirled,  and  in  so  far  as  its  sensibilitj  enabled  it 
to  assume  the  same  temperature  as  the  air.  From  this  spot  I  de- 
acended  to  the  glacier  and  went  up  it  until  I  got  to  a  position  which, 
judging  by  the  eye,  was  at  the  same  height  as  the  station  just  left 
on  the  mountain  side,  and  about  one  kilometre  distant  from  it  in  a 
straight  line.  The  weather  was  rapidly  getting  colder,  the  sky  being 
covered  with  the  characteristic  Fohn  cloud.  The  wind  was  fresh 
down  the  glacier,  which  made  the  exposure  of  the  thermometer 
easy  and  good.  The  hot  Fohn  puffs  were  also  very  striking.  The 
thermometer  was  first  swung  exposed  to  sun  and  wind,  showing 
temperatures  varying  from  lO**' 5  to  IP* 2,  the  mean  being  lO^'-S  C. 
Swung  in  my  own  shadow,  but  exposed  to  the  wind,  the  temperature 
was  9** '8.  The  wet  bulb  was  4° '7,  showing  a  relative  humidity  of 
37.  The  thermometer  was  now  exposed,  both  wet  and  dry,  in  a 
horizontal  position  with  the  bulb  at  a  distance  of  about  2  cm.  from 
the  ice,  on  the  top  of  one  of  the  superficial  ridges  of  the  glacier, 
and  fully  exposed  to  the  wind,  though  shaded  from  the  sun.  The 
observed  temperatures  were:  dry,  6*'*6C. ;  wet,  3'*'7  ;  relative 
humidity,  58  "5.  The  exposure  of  the  thermometer  was  as  good 
as  could  be  desired,  and,  with  the  fresh  breeze  blowing,  it  was 
thoroughly  ventilated.  I  was  again  much  struck  with  the  highness 
of  the  temperature  of  the  air  almost  in  actual  contact  with  the  ice. 
The  observations  at  1  m.  and  2  cm.  from  the  ice  were  repeated, 
giving  substantially  the  same  results — at  1  m.,  dry  bulb  10° -2,  web, 
S**'!;  at  2  cm.,  dry  bulb  6° '8,  and  wet  3° -2.  The  hot  Fohn  puffs 
^rere  more  striking  on  the  ice  than  on  the  land,  owing  to  the  greater 
difference  between  their  temperature  and  that  of  the  surrounding  air. 
At  4  p.m.  I  left  the  ice  and  returned  to  the  station  of  1  o'clock  on 
the  hill-side,  and  took  the  temperature  at  4.35  p.m. — dry  bulb  16°'0, 
wet  8®'0,  relative  humidity  24*5.  At  the  station  in  the  valley 
below  the  glacier  the  temperature  was  at  5.45  p.m.,  dry  bulb 
16**'4,  wet  11*^*8,  and  relative  humidity  56.  These  observations, 
besides  showing  the  remarkable  conditions  of  the  air  over  the  glacier, 
indicate  the  fineness  and  warmth  of  the  weather  which  prevailed. 

**  On  the  21st  August  another  series  of  observations  was  made  at 
the  stations  on  the  land  and  on  the  ice.    The  breeze  on  the  ice  was 
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not  SO  steady  or  so  strong  as  on  the  19th,  and  about  5  o'clock  in  the 
afternoon  there  was  a  heavy  squall  of  rain  and  thunder.  The  same 
hot  Fohn  pu£fs  made  themselves  felt  as  before,  without  there  being 
any  means  of  measuring  their  temperature.  Their  duration  at  their 
maximum  temperature  was  never  more  than  a  few  seconds,  during 
which  but  little  effect  was  produced  on  the  thermometer.  It  occurred 
to  me  that  the  only  way  of  gaining  a  knowledge  of  the  temperature 
of  these  puffs  of  air  would  be  by  comparing  the  rapidity  with  which 
the  thermometer  moved  when  exposed  to  a  known  difference  of 
temperature,  with  that  observed  in  the  puffs.  A  number  of  observa- 
tions was  made  with  this  view,  by  warming  the  thermometer  and 
noting  its  rate  of  cooling  in  air  of  known  temperature.  The  reverse 
procedure  was  also  followed  on  the  ice.  The  thermometer  was  cooled 
by  being  laid  close  to,  but  not  touching,  the  ice,  it  was  then  quickly 
raised  to  a  height  of  1  metre,  and  its  rate  of  change  of  temperature 
observed.  In  this  way  it  was  found  that  for  an  initial  difference  of 
4"*  the  thermometer  required  10  seconds  to  rise  1**,  for  a  difference  of 
3°  12  seconds,  and  for  a  difference  of  2^*5  16  seconds.  These  ratios 
were  observed  in  the  open  air,  and  under  the  circimistances  where 
the  hot  puffs  are  observed.  Unfortunately,  owing  to  an  accident  to 
the  thermometer,  very  little  use  could  be  made  of  them.  Where  the 
rate  of  change  of  temperature  of  the  thermometer  is  used  to  deter- 
mine the  temperature  of  the  air,  the  movement  of  the  air  must  be 
measured  or  estimated.  The  observations  made  on  the  19th  and 
21st  August  are  given  in  Table  XXIV. 

"  For  comparison  with  the  temperatures  on  the  ice  on  the  19th,  the 
mean  of  the  observations  at  the  land  station  at  2.45  and  4.35  p.m. 
is  taken,  and  on  the  ice  the  mean  of  the  observations  at  3.20  and 
3.55  p.m.  The  altitudes  of  the  two  stations  were  as  nearly  as 
possible  identical,  and  they  were  not  more  than  1  kilometre  distant 
from  each  other.  Considering  the  temperatures  at  a  height  of  1  m., 
there  is  a  difference  of  6° '5  between  the  land  and  the  ica  The 
difference  of  vapour  tension,  0*2  mm.,  is  insignificant,  and  shows 
that  substantially  the  air  is  the  same.  The  dew  point  in  both  cases 
is  several  degrees  below  0°,  so  that,  on  the  air  coming  in  contact  with 
the  ice,  there  would  be  evaporation  from  the  latter.  The  evaporating 
power  of  the  air  may  be  represented  by  the  difference  between  the 
tension  of  saturation  and  the  actual  vapour  tension.  It  is  very  great 
on  land,  being  10  •  75  mm.  at  16°'  53  C,  and  it  would  rapidly  evaporate 
water  having  that  temperature.  On  coming  in  contact,  however,  with 
ice,  the  air  actually  in  contact,  which  alone  comes  under  consideration, 
is  first  cooled  to  0°  C,  which  reduces  its  saturation  tension  to 
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4*6  mm.,  and  the  difiference  is  only  1*4  mm.  We  see,  however, 
that  this  has  been  sufficient  to  increase  the  absolute  humidity  of  the 
air  in  close  proximity  to  the  ice.  At  1  m.  above  the  ice  the  air  had 
an  average  temperature  of  10°  G. ;  at  2  cm.  from  the  ice  its  tempera- 
ture was  as  high  as  S'^'GS  C,  and  the  air  in  actual  contact  with  the 
ice  must  have  been  at  O''  C.    Many  observations  have  been  made  of 

Table  XXIV. — Tkmpbratxtbb  Obsebyations  at  Equal  Altitudes  ov  the  Mobte- 

BATsau  Glacheb,  and  on  the  Mountain  West  of  it. 


Thermometer. 

Diff. 

Vi^xmr 
tenkozL 

ReL 
ham. 

Dew 

Dry. 

Wet 

point. 

I9th  Augtut,  1893. 
Lud  station,  2.45  p.m. 
«        «        4.35    „ 

•  m 
m              m 

m              • 

•  ■ 

•  • 

»               • 

•  • 

«c. 

171 
160 

8*6 
8-1 

°C. 

8-5 
7-9 

mm. 
3-2 
8-2 

p.o. 

22 

24 

«C. 
-5-0 
-4-7 

Mean 

16-55 

8-35 

8-2 

3-2 

23 

-4-85 

I«e    station,     8.20  p.m. 
Height  1  metre,  3.55    „ 

9-8 
10-2 

4-7 
51 

5-2 
51 

3-26 
3-55 

36 
39 

-4-4 
-3-5 

Mean 

10-0 

4-9 

51 

3-40 

37-5 

-3-95 

• 

lee    station,     3.20  p.m. 
Height  0  02  m.  3.55    „ 

6-7 
6-6 

3-7 
3-2 

3-0 
4-4 

4-2 
40 

57 
56 

-1-4 
-30 

Mean 

6-65 

3-45 

3-2 

41 

56-5 

-2-2 

2lf<  AmguU,  1893. 
Land  station,    1  p.m. 
„           „    3.45    „ 

• 
• 

• 

• 
• 

• 

• 
• 

• 

14-5 
14-3 

7-5 

80 

70 
6-3 

3-5 
4-2 

29 
350 

-3-5 
-1-3 

Mean      .     . 

14-4 

7-75 

6-65 

3-8 

32 

-2-4 

ke    station,      2.22  p.m. . 
Height  1  metre,  2  54    „    . 

9-85 
110 

5-6 

70 

4-25 
40 

4-2 
5-1 

47 
52 

-1-3 
+1-5 

Mean       .     . 

10-43 

6-3 

413 

4-6 

50 

+01 

lea    station,      2.15  p.m.  . 
Close  to  ice,        2.40    „     . 

7-3 
5-5 

4-0 
3-2 

3-3 
2-3 

41 
4-2 

54 
65 

-1-5 
-0-7 

Mean       .     . 

6-4 

3-6 

2-8 

4-2 

59 

-11 

the  temperature  of  the  air  at  different  heights  above  glaciers,  and,  as 
might  be  expected,  considerable  differences  have  been  observed ;  but 
I  am  not  aware  that  any  observations  have  been  made  on  the  air 
ihnoet  but  not  quite  in  contact  with  the  ice,  as  are  those  which  have 
been  made  at  2  cm.  from  the  ice.  The  bulb  was  perfectly  shaded 
from  the  sun  but  freely  exposed  to  the  wind,  it  was  also  fully  ex- 
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posed  to  any  cold  radiations  from  the  ice.  There  is,  therefore,  no 
doubt  that  6"* '65  was  the  temperature  of  the  air  passing  the  bulb  of 
the  thermometer.  The  vertical  distribution  of  temperature  shown 
by  these  figures  is  remarkable.  From  a  height  of  1  m.  to  within 
2  cm.  of  the  ice  there  is  a  gradient  of  3° '4  per  metre;  in  the 
remaining  2  cm.  there  is  a  gradient  at  the  rate  of  33^  per  metre ; 
and,  from  various  observations  and  considerations,  it  is  probable  that 
the  moderate  gradient  is  continued  to  within  a  millimetre  of  the  ice, 
when  it  becomes  precipitous.  It  is  to  be  noted  that  the  absolute 
humidity,  as  shown  by  the  vapour  tension  of  the  air,  has  inci-eased 
from  3*4  mm.,  at  1  m.,  to  4*1  mm.,  at  2  cm.;  showing  that  ice  is 
being  evaporated  and  transferred  from  the  glacier  to  the  atmosphere. 
The  wind  was  blowing  freshly  down  the  glacier,  and  its  velocity 
was  measured  by  noting  the  time  which  pieces  of  paper  allowed  to 
drift  took  to  reach  the  ice,  and  then  pacing  the  distance.  The  mean 
velocity  was  found  to  be  from  8  to  10  kiloms.  per  hour. 

"  The  observations  made  on  the  21st  and  on  the  22nd  confirmed 
those  of  the  19th.  The  same  variability  of  the  air  temperature  at 
the  land  stations  was  noticed.  Between  12.55  and  1.6  p.m.  the 
following  temperatures  were  observed  by  whirling: — 16° '2,  16°  2, 
16°-0,  15°-5,  16°-0,  15°-5,  15°-0,  14°-2,  13°-8,  14°-0,  13°-5,  13°-5. 
These  are  all  good  observations,  and  represent  real  variations  of  the 
temperature,  or  rather  they  indicate  real  variations  of  greater  amount. 
Taking  the  mean  of  the  last  five  observations,  we  have  the  tempera- 
ture of  the  air  14° '0.  The  wet  bulb  was  found  at  1.15  p.m.  to  be 
7° '5,  giving  a  difference  of  6° '5.  On  the  glacier  the  air  felt  closer 
than  on  the  previous  occasion.  The  temperature  at  1  m.  was  11° '5, 
and  at  2  cm.  from  the  ice  7°  "3.  The  difference  4° '2  is  less  than  on 
the  previous  occasion.  The  wind  was  much  less  strong,  and  yet  the 
temperature  close  to  the  ice  is  higher.  The  wet  bulb  under  the  same 
circumstances,  showed  4°*0.  Five  minutes  later  the  dry  bulb  was 
observed  at  1  m.  10° '2  and  9*" '4,  mean  9°  •85.  Another  observation 
of  the  dry  bulb  at  2  cm.  from  the  ice  gave  6°  "6.  The  interval 
between  the  bulb  and  the  ice  was  now  reduced  to  the  smallest 
possible  distance,  about  2  mm.  The  wind  fell  very  light,  and  the 
thermometer  remained  at  8°*0,  when  the  wind  returned  it  fell  to 
5° '8.  The  axis  of  the  thermometer  bulb  would  be  about  5  mm.  from 
the  ice,  and  still  the  air  is  nearly  6°  warmer  than  the  ice.  Another 
observation  in  the  same  conditions  gave  5°  •  5.  The  wet  bulb  was 
now  exposed,  but  it  had  to  be  kept  about  5  mm.  off  the  ice ;  it 
showed  3° '2.  At  2.43  p.m.  a  great  volume  of  warm  air  came  down, 
and  the  wet  bulb  ran  up  to  4° '5  in  three  or  four  seconds.    With  the 
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return  of  the  breeze  the  wet  bulb  went  back  to  3°*0.  The  Fohn 
puffs  were  now  very  troublesome.  At  2 .  52  p.m.  the  wet  bulb  at 
1  m.  was  7°*0;  the  dry  bulb  showed — at  2.54  p.m.,  11° '0;  at 
2*55  p.m.,  13°'5;  and  at  2.57  p.m.,  14°*5.  In  one  puff  the  ther- 
mometer was  observed  to  rise  one  degree  in  eight  seconds,  which 
would  make  the  true  temperature  of  the  air  at  the  moment  about 
6^-Ohigher,  or  19°-5. 

**  At  3.30  P.M.  I  returned  to  the  land  stations,  and  again  found  the 
same  variable  temperatures.  Between  3.35  and  3.45  p.m.  the  tem- 
perature varied  between  16°'0  and  13° '5.  The  following  averages 
were  taken : 

3.45  p.m.,  dry,  14®-3 ;  wet,  9P'0\  relatiye  humidity,  35. 
4.0     „        .,    14°0;      „    8°-5;        „  „         425. 

"  Taking  the  first  of  these  and  the  observations  at  1  o'clock,  we 
have  for  the  mean  temperature  of  the  air  14°*  15,  and  the  wet  bulb 
7°  "75.     On  the  ice  we  have — 

At  1  metre,        dry  bulb,  9^85 ;  wet,  5°  6,  and 
At  2  centimetres      ..        7° -3;       „    4°0. 

"The  difference  in  the  temperature  of  the  air  at  1  m.  is  only  4° '3, 
and  that  between  1  centimetre  and  2  metres  above  the  ice  is  only 
2° '55,  while  the  air  at  2  centimetres  is  7°*  3  warmer  than  the  ice. 

"On  the  22nd  August  the  observations  on  the  ice  were  re- 
peated, with  very  much  the  same  results.  The  temperature  of  the 
air  ranged  from  9°0  to  9°'5  at  1  metre,  and  was  5°*5  at  1  centi- 
metre from  the  ice. 

'*  The  result  of  the  few  observations  here  quoted  is  to  show  that  the 
air,  which  over  land  has  a  temperature  of  15°  to  20°,  or  higher,  in 
passing  over  a  glacier  is  cooled  to  a  comparatively  slight  degree. 
Although  the  air  appears  to  be  thoroughly  mixed  by  its  own  motion, 
very  sharp  gradients  of  temperature  are  produced  and  maintained. 
The  great  and  abnormal  temperature  of  the  air  of  the  valley  is  kept 
up  by  the  heat  liberated  by  the  compression  accompanying  the  descent 
ni  local  streams  or  striae  of  air  from  high  levels.  These  keep  up  an 
extra  supply  of  heat  over  and  above  what  is  supplied  by  the  direct 
radiation  of  the  sun.  The  result  is  that  the  melting  of  the  glacier  in 
Fohn  weather  greatly  exceeds  that  of  even  the  hottest  day  of  ordinary 
weather. 

''  In  order  to  convey  a  general  idea  of  the  climate  in  the  neighbour- 
hood during  the  period  when  my  observations  were  made,  I  subjoin  a 
table  of  the  air  temperatures  observed  at  the  Pfarrhaus  in  Pontresina 
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three  times  daily,  and  obligingly  supplied  to  me  by  Herm  Pfarrer 
Falliopi. 

Table  XXV.— Tbmfesatube  of  the  Aib  at  Poktbesina. 


Date. 

Tempemtare  of  tbe  air  observed  at 

7 

a.iD. 

1  pjn. 

9 

p.m. 

Temp. 

1 

Dlff.  from 
mean. 

Temp. 

Diff.  from 
mean. 

Temp. 

Diff.  fh>iB 
mean. 

1893                      C° 

C^. 

c°. 

August  15    ...     . 

1 

4-7 

-2-92 

19-2 

-1-26 

100 

-1-86 

M 

16    . 

5-9 

-1-72 

200 

-0-46 

10-8 

-0-66 

•» 

17    . 

7-2 

-0-42 

20-8 

+  0-34 

11-8 

+  0-44 

n 

18     . 

8-2 

+0-58 

21-8 

+  1-34 

12-8 

+1-44 

w 

19     . 

8-6 

+0-98 

21-2 

+0-74 

12-8 

+  1-44 

M 

20     . 

10-0 

+2-38 

19-8 

-0-66 

12-6 

+  1-24 

»» 

21     . 

7-6 

-002 

22-2 

+  1-74 

10-2 

-116 

>♦ 

22    .     . 

8-2 

+0-58 

20-2 

-0-26 

10-2 

-116 

M 

23    .     . 

6-9 

-0-72 

19-2 

-1-26 

12-8 

+1-44 

» 

24    .     . 

8-9 

+  1-28 

20-2 

-0-26 

9-6 

-1-76 

Mean 

7-62 

•  • 

20*46 

•  • 

11-36 

•  • 

"  In  this  table,  the  high  temperature  on  the  18th,  19th,  20th  and 
21st,  is  very  apparent.     The  Foh^i  prevailed  during  all  these  days. 

"  On  the  23rd  August,  which  was  a  very  warm  day,  I  made  a  series 
of  observations  between  Pontresina  and  the  top  of  the  Piz  Languard, 
which  is  the  highest  peak  on  the  ridge  immediately  behind  Pontre- 
sina, and  is  very  easily  accessible.  It  had  been  raining  heavily  in  the 
night,  so  that  in  the  early  morning  the  air  was  rather  cool ;  but  the 
following  observations,  made  before  starting  up  the  mountain,  will 
show  how  rapidly  the  temperature  was  beginning  to  rise. 

8.0  &.m.,  dry  bulb,  10°- 4;  wet,  9® -2. 


9.10 
10.0 


»» 


»f 


»♦ 


17°  0. 


»♦ 


ll<'-4. 


''At  10  A.M.  I  started  up  the  mountain,  following  the  excellent 
path  which  leads  to  the  summit 

"  In  Table  XXVI.  the  temperatures  observed  at  various  stations 
are  entered,  along  with  corresponding  ones  observed  in  the  porch  of 
the  Hotel  Eeseg  at  Pontresina. 
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Tablb  XXVI. 


Height 
above  aea. 

Temperature 

Time. 

On 
monntaio. 

At  hotel. 

Difference. 

m. 

° 

o 

Pontresina 

1800 

10.0 

170 

•  • 

■  • 

2100 

10.50 

16-5 

19-5 

30 

2250 

11.5 

16-5 

200 

3-5 

2370 

11.35 

16-6 

20-5 

40 

2670 

12.0 

14-5 

20-75 

6-25 

2790 

12.30 

13-3 

21-0 

7-7 

2970 

1.6 

14-0 

21-5 

7-5 

3180 

1.30 

131 

220 

8-9 

Summit 

3266 

2.10 

11-0 

•  • 

•  • 

— 

2.40 

10-5 

220 

11-25 

"  Excepting  in  the  first  interval  the  rate  of  fall  of  temperature 
between  Pontresina  and  the  station  on  the  mountain  is  less  than 
V  per  hundred  metres.  At  the  summit  the  mean  temperature  of  the 
dry  bulb  was  10® '75,  and  of  the  wet  bulb  6° '45,  whence  we  have  the 
vapour  tension  4  •  5  mm.  and  the  relative  humidity  47.  The  weather 
was  of  the  same  kind  as  in  the  valley,  abnormally  warm,  and  the  air 
very  dry." 

Conelusian. — It  will  be  observed  that  in  this  chapter  no  attempt 
is  made  to  give  instructions  to  the  Chemist  and  Physicist.  Here 
and  there  a  lead  in  one  direction  or  another  is  suggested.  He  must 
lely  on  his  own  knowledge  and  experimental  ability.  Questions  or 
problems  which  excite  his  curiosity  should  be  worked  out  in  his  own 
way.  If,  in  this  way,  he  answers  or  solves  them  to  his  own  satisfac- 
tion,  it  is  probable  that  he  has  made  a  genuine  addition  to  knowledge. 
In  all  his  work  it  will  be  useful  for  him  to  remember  that,  primarily, 
Physics  and  Chemistry  are  branches  of  Natural  History. 
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GEOLOGY. 

Compiled  by  W.  T.  Blanford,  LL.D.  F.R.S. 

There  can  be  no  question  as  to  the  geological  interest  attaching  to 
the  regions  around  the  South  Pole.  Apart  from  ordinary  subjects  of 
geological  inquiry,  such  as  the  presence  and  nature  of  sedimentary 
and  volcanic  formations,  the  occurrence  of  granitic  and  schistose  crys- 
talline rocks,  the  relations  of  the  different  formations  to  each  other, 
and  the  evidence  of  ancient  forms  of  life  afforded  by  fossils,  there  are  two 
geological  problems  connected  with  the  past  history  of  the  Antarctic 
area  that  are  of  especial  importance.  One  of  these  is  the  climate  of 
Antarctic  regions  in  past  times,  the  other  the  distribution  of  sea  and 
land  in  the  Southern  Hemisphere  at  former  periods. 

There  are  already  some  indications  that  within  the  Antarctic,  as 
within  the  Arctic  circle,  considerably  higher  temperatures  than  those 
now  prevailing  have  existed  in  the  past.  Further  observations  are 
required  to  show  whether  the  climate  has  been  comparatively 
warm  during  the  whole  or  the  greater  part  of  the  world's  history 
before  the  latter  portion  of  the  Tertiary  era,  or  whether  warm  and 
cold  periods  have  alternated.  The  most  useful  information  on 
these  questions  may  be  afforded  by  remains  of  animals  and  plants 
found  imbedded  in  the  rocks.  The  discovery  of  coal  in  particular 
would  be  of  great  scientific  interest  apart  from  its  practical  impor- 
tance, and  should  any  be  found,  a  careful  search  ought  to  be  made  for 
impressions  of  plants  in  the  strata  associated  with  the  coal,  both 
above  and  below  the  coal-seam.  Search  should  also  be  made  in  the 
older  strata  for  the  evidence  of  glacial  action  afforded  by  boulder 
beds ;  large  fragments  of  rock,  sometimes  striated,  imbedded  in  a  fine 
matrix  would  afford  such  evidence. 

The  second  problem,  that  of  the  distribution  of  sea  and  land  in 
past  times,  and  of  former  land  connection  between  the  Antarctic  area 
and  the  Southern  continental  masses  is  of  great  interest,  and  the 
solution,  if  obtained,  may  not  improbably  throw  light  upon  the  old 
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question  why  the  great  continents  terminate  to  the  Southward  in 
points. 

There  is  much  probability  that  the  Antarctic  continent  will  prove 
to  be  a  very  ancient  continental  tract  In  this  case  marine  stratified 
beds  may  be  restricted  to  the  coasts,  though,  as  in  other  ancient  con- 
tinents, sedimentary  rocks  of  fresh-water  or  subaerial  origin,  possibly 
containing  remains  of  plants  and  of  vertebrate  animals,  may  be 
largely  developed  in  the  interior. 

Evidence  suggesting  land  communication  in  past  times  between 
the  Antarctic  area  and  the  other  Southern  continents  has  accumulated 
greatly  during  the  last  thirty  or  forty  years.  Perhaps  the  most 
remarkable  instance  is  that  connected  with  the  distribution  of  the 
southern  Fermo-carboniferous  or  Olossopteris  flora.  This  flora  has 
been  long  known  in  South  Africa,  India  and  Australia,  and  recently 
it  has  been  discovered  in  South  America  and  in  Russia.  It  was  quite 
distinct  from  the  contemporaneous  SigHlaria  and  Lepidodendron  flora, 
the  upper  Palaeozoic  flora  of  Northern  lands,  though  a  slight  admixture 
of  the  two  has  been  found  in  South  Africa  and  South  America.  That 
the  G^assopteris  flora  travelled  Northwards  at  the  close  of  the  Palseo- 
zoic  era  and  replaced  the  Sigillaria  flora  appears  evident  from  the 
fact  that  the  former  so  closely  resembles  the  Mesozoic  flora  of  Europe 
as  to  have  been  for  a  long  time  regarded  as  Mesozoic  by  palseo- 
botanists.  Curiously  enough,  there  is  much  to  suggest  that  this 
Olotsopteris  flora  came  originally  from  the  South  to  Africa,  America, 
Australia  and  India,  for  it  was  preceded  in  three  of  those  areas  by  an 
earlier  flora  of  the  Northern  Palaeozoic  type  and  the  line  of  division 
between  the  two  floras  is  marked  by  a  bed  containing  boulders  trans- 
ported by  ice,  and  affording  evidence  of  a  phase  of  low  temperature. 
It  is  not  an  unreasonable  inference  that  this  Glossopteris  flora,  which 
is  singularly  poor  in  species,  is  the  offspring  of  a  cold  climate  vegeta- 
tion, that  it  had  its  origin  in  the  Antarctic  continental  area  and  was 
driven  Northward  towards  the  equator  along  tracts  of  land  now 
beneath  the  ocean,  during  the  prevalence  of  a  period  of  cold  similar 
to  the  glacial  epoch  of  Pleistocene  times,  until  it  finally  reached  and 
croesed  the  equator  and  replaced  the  old  Palseozoic  flora  of  our  coal- 
measuree.  Should  any  traces  of  the  Glossopteris  flora  be  found  in  the 
Palaeozoic  rocks  of  the  Antarctic  area,  especially  if  there  be  reason  for 
believing  that  these  rocks  are  more  ancient  than  the  Glossopteris  beds 
of  Australia  and  South  Africa,  the  hypothesis  above  suggested  will 
be  strongly  supported. 

But  if  the  Olossopteris  flora  came  from  Antarctic  regions  and 
spread  over  the  world,  may  not  other  faunas  and  floras  have  had  the 
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same  origin  and  a  similar  history  ?  We  know  nothing  of  the  origin 
of  the  placental  Mammals  which  took  possession  of  the  earth's 
surface  in  Eocene  times,  nor  whence  Acanthopterygian  fishes  and 
Angiospermous  plants,  now  the  dominant  fonns  throughout  the  world, 
suddenly  appeared  in  great  numbers  in  the  middle  of  the  Cretaceous 
epoch.  It  is  well  now  and  then  to  remember  how  many  great  geo- 
logical problems  are  as  yet  unsolved,  and  that  no  clue  should  be 
neglected  which  may  lead  to  their  solution. 

The  Olossopteris  flora  is  by  no  means  the  only  indication  of  con- 
nection between  the  Southern  continents  through  the  Antarctic  area. 
One  remarkable  fact  is  the  discovery  in  South  America  of  one  living 
genus  Ccenolestes,  and  of  several  extinct  forms  (Epanorthidae,  &c.) 
belonging  to  the  Diprotodont  marsupials,  peculiar  with  this  exception 
to  Australia.  No  representative  of  this  group,  living  or  fossil,  has 
been  met  with  in  the  Northern  Hemisphere,  all  fossil  marsupials 
there  occuring  are  Polyprotodont.  The  curious  horned  tortoise 
Miolania  has  been  found  fossil  in  both  Australia  and  Patagonia,  and 
several  other  cases  of  relationship  in  the  Tertiary  faunas  of  the  two 
areas  are  reported.  Another  interesting  fact  is  the  occurrence  in 
Madagascar,  where  a  remnant  of  the  old  African  fauna  appears  to 
have  taken  refuge,  of  land-tortoises  and  frogs  belonging  to  South 
American  types.  There  is  a  somewhat  similar  connection,  though 
by  means  of  different  families  from  those  occurring  in  Madagascar, 
between  the  Batrachia  and  tortoises  of  Australia  and  South  America. 

It  is  quite  true  that  no  single  instance  of  those  cited  affords  con- 
clusive evidence  of  land-connection  with  the  Antarctic  region,  but  the 
cumulative  evidence,  especially  in  the  case  of  Mammals  and  Batra- 
chia, distinctly  proves  land-connection  of  some  kind  and  appears  to 
indicate  a  possibility  that  in  upper  Mesozoic  and  Tertiary  times,  as 
in  upper  Palaeozoic,  communication  by  land  existed  between  the 
continental  masses  of  the  Southern  Hemisphere  and  the  Antarctic 
continent.  In  view  of  the  probability  that  the  greater  portion  of 
the  Antarctic  land,  whether  continent  or  archipelago,  is  shielded 
from  observation  by  a  sheet  of  ice,  it  is  to  be  feared  that  but  few 
observations  on  its  geology  will  be  practicable,  but  it  is  essential  to 
point  out  that,  provided  only  portions  of  the  surface  are  accessible, 
the  collection  of  a  few  fossils  from  any  sedimentary  rocks  exposed 
may  furnish  the  solution  to  one  of  the  questions  involved,  and  that 
these  questions  are  sufficiently  numerous  to  affect  a  great  variety 
of  forms  of  life. 

The  following  instructions  are  taken  for  the  most  part  from  those 
drawn  up  by  Charles  Darwin  for  the  Admiralty  *  Manual  of  Scientific 
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Enquiiy/  and  revised  by  Sir  A.  Geikie.  A  few  additions  have  been 
made  from  the  geological  portion  of  '  Hints  to  Travellers/  issued  by 
the  Royal  Geographical  Society.  It  would  be  well  for  anyone  who 
has  no  previous  acquaintance  with  geology,  and  who  is  likely  to 
have  an  opportunity  of  making  observations  in  the  Antarctic  regions, 
to  stady  the  'General  Instructions  for  Observations  in  Geology' 
written  by  Sir  A.  Bamsay  in  the  '  Arctic  Manual '  of  1875. 


A  person  embarked  on  a  naval  expedition,  who  wishes  to  attend 
to  g^logy,  is  placed  in  a  position  in  some  respects  highly  advanta- 
geous, and  in  others  as  much  to  the  contrary.  He  can  hardly  expect, 
during  his  comparatively  short  visits  at  one  place,  to  map  out  the 
area  and  sequence  of  widely  extended  formations,  and  the  most 
important  inferences  of  geology  must  ever  depend  on  this  having 
been  carefully  executed ;  he  must  generally  confine  himself  to  isolated 
sections  and  small  areas,  in  which,  however,  without  doubt,  many 
interesting  facts  may  be  collected.  On  the  other  hand,  he  is  admi- 
rably situated  for  studying  the  still  active  causes  of  those  changes, 
which,  accumulated  during  long-continued  ages,  it  is  the  object  of 
geology  to  record  and  explain.  He  is  borne  on  the  ocean,  from  which 
moat  sedimentary  formations  have  been  deposited.  During  the 
soundings  which  are  so  frequently  carried  on,  he  is  excellently 
placed  for  studying  the  nature  of  the  bottom,  and  the  distribution  of 
the  living  organisms  and  dead  remains  strewed  over  it.  Again,  on 
sea-shores,  he  can  watch  the  breakers  slowly  eating  into  the  coast 
difiGi,  and  he  can  examine  their  action  imder  various  circumstances. 
In  the  wasting  operations  of  air,  rain,  frost,  rivers,  waves,  and  the 
other  denuding  agents  on  the  surface  of  the  globe,  he  sees  the  pro- 
cesses which  have  planed  down  whole  continents,  levelled  mountain 
ranges,  hollowed  out  great  valleyB,  and  exposed  over  wide  areas  rocks 
which  must  have  been  formed  or  modified  under  the  enormous  pres- 
sure of  an  overlying  mass  of  rock  since  removed.  Again,  as  almost 
efwy  active  volcano  is  situated  dose  to,  or  within  a  few  leagues  of 
the  sea,  he  is  admirably  situated  for  investigating  volcanic  phenomena, 
vhich,  in  their  striking  aspect  and  simplicity,  are  well  adapted  to 
encourage  him  in  his  studies. 

The  mere  collecting  of  fragments  of  rock,  without  some  detailed 
observations  on  the  district  whence  they  are  brought,  is  of  compara- 
tively little  value.  The  simple  statement  that  one  part  of  a  coast 
consists  of  granite,  and  another  of  sandstone  or  clay-slate,  can  hardly 

k  considered  of  much  service  to  geology ;  it  may  be  remarked,  how* 
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ever,  that  the  crystalline  rocks  of  different  areas  present  characteristic 
peculiarities,  and  a  collection  of  such  rocks  in  a  district  so  new  to  us 
as  the  Antarctic  region,  can  scarcely  fail  to  afford  useful  material  to 
the  petrologist.  Still  more  important  is  the  collection  of  organic 
remains,  on  which  subject  some  remarks  will  presently  be  made. 
The  observer  ought  to  collect  suites  of  rock  specimens  and  fossils, 
with  the  intention  of  himself  subsequently  drawing  up  an  account  of 
the  structure  and  succession  of  the  rocks  in  the  countries  visited. 
For  this  end,  he  can  hardly  collect  too  copiously,  for  errors  in  the 
naming  of  the  rocks  may  thus  be  corrected,  and  the  careful  comparison 
of  such  specimens  will  often  reveal  to  him  curious  relations  which  at 
the  time  he  did  not  suspect.  He  must  record,  on  the  spot,  such  observa- 
tions as  may  give  a  permanent  interest  to  the  specimens,  accompanying 
them  by  sketches  or  photographs  when  useful,  and  riot  trusting  to 
memory. 

In  order  to  make  observations  of  value,  some  reading  and  much 
careful  thought  are  necessary;  but  perhaps  no  science  requires  so 
little  preparatory  study  as  geology,  and  none  so  readily  yields, 
especially  in  foreign  countries,  new  and  striking  points  of  interest. 
Some  of  the  highest  problems  in  geology  wait  on  the  observer  in 
distant  regions  for  exploration — such  as,  whether  the  successive 
formations,  as  judged  of  by  the  character  of  their  fossil  remains, 
correspond  in  distant  parts  of  the  world  to  those  of  Europe  and 
North  America,  or  whether  some  of  them  may  not  correspond  to 
intervals  of  time,  during  which  sedimentary  beds  were  not  accumu- 
lated in  the  latter  regions,  or,  having  been  accumulated  there,  have 
been  subsequently  destroyed ;  and  again,  whether  the  lowest  forma- 
tions everywhere  are  the  same  with  those  in  which  the  most  ancient 
forms  of  life  have  been  recognised  in  the  countries  best  known  to 
geologists.  These  and  many  other  wide  views  in  the  history  of 
the  world  are  open  to  any  one  who,  applying  thought  and  labour 
to  his  subject,  has  the  good  fortune  to  geologise  in  countries  little 
frequented. 

The  appearances  presented  by  the  diflferent  forms  of  stratification 
(that  is,  the  original  planes  of  deposition)  may  be  soon  learnt  in  the 
field ;  though  no  doubt  the  beginner  would  be  aided  by  the  diagrams 
given  in  many  elementary  works,  or  in  the  *  Arctic  Manual' 

Outfit — The  essential  articles  of  a  geologist's  outfit  are  neither 
numerous  nor  cumbrous.  A  very  large  proportion  of  the  known 
geology  of  the  world  has  been  made  out  with  no  more  elaborate 
appliances  than  a  hammer,  a  pocket  compass  with  a  small  index  to 
serve  as  a  clinometer,  a  pocket  lens,  a  note-book  and  a  pencil.     No 
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scientific  observer  has  to  depend  more  on  his  own  knowledge  and 
faculty  for  observation,  and  less  on  instrumental  appliances,  than  a 
geologist. 

The  best  hammer  for  general  purposes  should  weigh  from  12  to 
24  oz.  and  should  have  a  square  flat  end,  and  a  straight  cutting  end 
— ^the  latter  may  be  horizontal  or  vertical,  according  to  fancy.  The 
ends  should  be  of  steel,  not  too  highly  tempered.  The  hole  for  the 
handle  should  be  as  large  as  possible  (with  a  small  hole  the  handles 
are  so  weak  as  to  be  liable  to  break),  and  the  handle  sliould  be 
secured  in  the  hole  by  a  wooden  wedge,  and  an  iron  one  driven  into 
and  across  the  wooden  one.  It  is  advisable  to  take  a  few  spare 
ash  handles.  It  is  as  well  to  have  more  than  one  hammer  in  case 
of  loss ;  and  for  fossil  collecting,  at  least  one  heavy  hammer  with  one 
end  fashioned  to  serve  as  a  pick,  three  or  four  cold  chisels  of  various 
sizes,  and  a  short  crowbar  will  be  found  useful. 

A  very  good  pocket  compass  is  made  in  the  shape  and  size  of  a 
watch  with  a  clinometer  arm.  The  use  of  the  clinometer  is  for 
measuring  the  angle  of  dip  in  rocks.  In  an  uneven  coimtry  it  is  not 
easy  without  the  clinometer  to  judge  which  is  the  line  of  greatest 
inclination  of  a  stratum;  and  it  is  always  more  satisfactory  to 
observe  the  angle  than  to  estimate  it.  A  flat  piece  of  rock  repre- 
senting the  general  slope  can  usually  be  found,  and  by  placing  a 
note-book  on  it  the  measurement  can  be  facilitated.  It  is  best  to 
determine  and  record  the  "  strike  " — that  is,  the  direction  of  a  hori- 
sontal  line  on  the  surface  of  the  stratum — first ;  then  at  right  angles 
to  this  line  measure  the  "  dip,"  or  angle  of  inclination,  and  note  its 
direction  by  compass,  correcting  for  variation.  The  lie  of  a  bed  is 
fixed  if  the  direction  and  amount  of  the  dip  be  recorded — the  strike 
being  always  at  right  angles  to  the  dip.  In  a  country  where  slaty 
cleavage  occurs,  precautions  are  needed,  which  will  be  noticed  as  we 
proceed.  As  a  rule,  except  with  very  low  angles  of  dip,  the  variation 
in  the  inclination  of  the  rocks  themselves  exceeds  the  limits  of  error 
of  the  instrument.  A  little  care,  however,  is  necessary  in  taking  dips  ; 
for  the  apparent  dip  seen  in  a  section,  such  as  is  often  exposed  in  a  cliff, 
may  differ  widely  from  the  true  dip,  which  will  only  be  shown  if  the 
section  runs  at  right  angles  to  the  strike  of  the  beds.  Dips  seen  on 
the  sides  of  hills  at  a  distance  are  but  rarely  correct,  for  the  same 
reason. 

A  prismatic  compass  and  an  aneroid  are  frequently  of  great 
sendee:  the  former  to  determine  the  position  on  the  map,  if  one 
exists,  and  to  aid  in  making  a  rough  map,  if  there  be  none ;  and  the 
latter  to  estimate  roughly  the  heights  on  the  road  travelled,  especially 
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in  mountainous  countries,  and  also  to  measure  the  thickness  of 
horizontal  beds.  A  good  aneroid  gives  sufficiently  accurate  deter- 
minations of  height  for  a  rough  but  adequate  geological  section  across 
any  country  if  the  distances  are  known. 

Abney's  pocket  level  is  a  portable  and  useful  instrument.  An 
observer,  having  previously  ascertained  the  exact  height  of  his  eye 
when  standing  upright,  can  measure  the  altitude  of  any  point  with 
some  degree  of  accuracy ;  he  has  only  to  mark  by  the  level  a  recog- 
nisable stone  or  plant,  and  then  to  walk  to  it,  repeat  the  process,  and 
keep  an  account  how  many  times  the  levelling  has  been  repeated  in 
ascending  to  the  point  the  height  of  which  he  wishes  to  ascertain. 

BtUes  for  Collecting. — A  few  cautions  may  be  here  inserted  on  the 
method  of  collecting.  Every  single  specimen  ought  to  be  numbered 
with  a  printed  number  (those  which  can  be  read  vpside  down  having  a 
stop  after  them),  and  a  book  kept  exclusively  for  their  entry.  As  the 
value  of  many  specimens  entirely  depends  on  the  stratum  or  locality 
whence  they  were  procured  being  known,  it  is  highly  necessary  that 
every  specimen  collected  should  be  ticketed  on  the  same  day.  If 
this  be  not  done,  the  collector  will  never  in  after  years  feel  sure 
that  his  tickets  and  references  are  correct. 

Labels  should  not  be  put  up  in  contact  with  the  rock-fragments 
themselves,  or  they  will  be  worn  by  sharp  edges  and  become  illegible, 
if  not  rubbed  to  fragments.  Always  wrap  each  specimen  in  paper, 
or  some  substitute,  then  add  the  ticket  or  label,  and  then  an  outer 
covering.  The  label,  if  nothing  else  be  written,  should  always 
record  the  locality  distinctly  written,  either  in  ink  or  by  a  hard 
black  pencil,  or  better  still,  a  blue  indelible  pencil. 

Pill  boxes  are  useful  for  packing  fossils.  Masses  of  clay  or 
any  soft  rock  may  be  brought  home  if  small  fossil  shells  are 
abundant  in  them.  A  convenient  size  for  rock  specimens  is  4  inches 
to  4^  inches  long  by  3  inches  broad,  and  one  inch  to  half  an  inch 
thick.  To  save  subsequent  trouble  it  will  be  found  convenient  to 
pack  separately,  and  mark  sets  of  specimens  which  come  from  dif- 
ferent localities.  These  details  may  appear  trifling ;  but  few  are  aware 
of  the  labour  of  opening  and  arranging  a  large  collection,  and  such 
have  seldom  been  brought  home  without  some  error  and  confusion 
having  crept  in ;  whenever  it  is  practicable,  a  collection  should  be 
unpacked  and  arranged  by  those  who  packed  it  originally. 

In  collecting  fossils,  it  is  useless  to  take  many  specimens  of  one 
kind  unless  carriage  is  exceptionally  plentiful.  Two  or  three  good 
examples  of  each  kind  are  usually  sufficient,  but  as  many  kinds  as 
possible  should  be  collected.     Great  care  is  necessary  that  aU  the 
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specimens  from  one  bed  be  kept  distinct  from  those  from  another 
stratum,  even  if  the  bed  be  thin  and  the  fossils  in  the  two  beds 
chiefly  the  same  species.  If  there  be  a  series  of  beds,  one  above  the 
other,  all  containing  fossils,  measure  the  thickness  roughly,  draw  a 
sketch-section  in  your  note-book,  apply  a  letter  or  a  number  to  each 
bed  in  succession  on  the  sketch,  and  label  the  fossils  from  that  bed 
with  the  same  letter  or  number. 

Remains  of  Vertebrata,  especially  of  mammals,  birds  and  reptiles, 
are  of  great  interest ;  but  it  is  useless  to  collect  fragments  of  bones 
without  terminations.  Skulls  are  much  more  important  than  other 
bones,  and  even  single  teeth  are  well  worth  collecting.  After  skulls, 
vertebrae  are  the  most  useful  parts  of  the  skeleton,  then  the  limb 
bones.  If  complete  skeletons  are  found,  they  are  usually  worth 
some  trouble  in  transporting.  If  fossil  bones  are  found  abundantly 
in  any  locality,  and  the  traveller  has  no  sufficient  means  of  transport, 
he  will  do  well  to  carry  away  a  few  skulls,  or  even  teeth,  and  care- 
fully note  the  locality  for  the  benefit  of  future  geologists  and 
explorers.  The  soil  of  limestone  caverns,  and  especially  the  more 
or  less  consolidated  loam,  rubble,  clay,  or  sand  beneath  the  flooring 
of  stalagmite,  if  it  can  be  examined,  should  always  be  searched  for 
bones,  and  also  for  indications  of  man  or  his  works. 

Fossil  shells  are  of  great  value  and  importance.  In  some  cases 
only  casts  of  these  can  be  found,  but  even  these  should  be  carefully  col- 
lected. If  in  clay,  and  fragile,  they  should  be  wrapped  first  in  tissue 
pftper,  then  in  cotton-wool,  and  then  placed  in  chip-boxes  or  in  empty 
pfovision-tins.  The  importance  of  fossil  plants  and  the  light  which 
they  may  be  expected  to  throw  on  climate  and  on  the  relations  of  the 
Antarctic  to  other  land  areas  in  past  times  have  already  been  men- 
tioned. If  impressions  of  leaves  or  of  fronds  of  ferns  are  met  with, 
eaie  should  be  taken  to  obtain  specimens  as  nearly  complete  as 
possible,  and  for  this  purpose  slabs  of  considerable  size  may  require 
to  be  excavated.  Beds  containing  plant  remains  are  often  soft  or 
friable,  and  much  care  is  needed  in  digging  out  the  specimens,  in 
transporting  and  in  packing  them,  as  in  the  case  of  fragile  shells. 
Fragments  of  fossil  wood  should  be  preserved,  or  sections  of  stems,  if 
any  be  found,  and  remains  of  fruits  or  seeds  should  be  especially 
looked  for. 

Mdkodsfor  Observing, — To  a  person  not  familiar  with  geological 
inquiiy,  who  has  the  privilege  of  landing  on  a  new  coast,  probably 
the  simplest  way  of  setting  to  work  is  for  him  to  imagine  a  great 
trench  cut  across  the  country  in  a  straight  line,  and  that  he  has  to 
deiciibe  the  position  (that  is,  the  direction  of  the  "  strike  "  and  angle 
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of  the  "  dip  ")  and  nature  of  the  different  strata  or  masses  of  rock  on 
either  side.  As,  however,  he  has  not  this  trench  or  section  before 
him,  he  must  observe  the  dip  and  nature  of  the  rocks  on  the  surface, 
and  take  advantage  of  every  bank  or  cliff  where  the  land  is  broken, 
always  carrying  the  beds  and  masses  in  his  mind's  eye  to  his 
imaginary  section.  In  every  case  this  section  ought  to  be  laid  down 
on  paper,  on  as  nearly  as  possible  the  real  proportional  scale ;  copious 
notes  should  be  made,  and  a  large  suite  of  specimens  collected  for  the 
observer's  ovm  future  examination.  The  habit  of  making  even  in  the 
rudest  manner  sectional  diagrams  is  of  great  importance,  and  ought 
never  to  be  omitted ;  it  often  shows  the  observer  palpably,  and  before 
it  is  too  late  (a  grief  to  which  every  sea- voyager  is  particularly  liable), 
where  his  knowledge  is  defectiva  Partly  for  the  same  reason,  and 
partly  from  never  knowing,  when  first  examining  a  district,  what 
points  will  turn  out  the  most  important,  he  ought  to  acquire  the 
habit  of  writing  very  copious  notes,  not  all  for  publication,  but  as  a 
guide  for  himself. 

It  is  always  a  good  plan  to  climb  commanding  peaks ;  the  general 
direction  of  beds,  obscure  from  the  lower  ground,  not  unfrequently 
becomes  much  clearer  when  they  are  seen  from  above. 

.  When  time  does  not  permit  of  a  section  across  the  country  being 
examined,  or  when  for  any  reason,  the  land  surface  in  general  is  not 
accessible,  attention  should  be  paid  to  such  cliffs  as  exist,  and  to  the 
sections  exposed  upon  them.  Cliffs  may  often  be  photographed,  and 
the  photograph,  if  not  taken  from  too  great  a  distance,  will  serve  to 
show  some  of  the  relations  of  the  beds  exposed,  but  the  photograph, 
however  good,  should  be  supplemented  by  notes  and  sketches,  and  by 
a  record  of  the  true  dip  of  the  strata. 

In  small  islands,  a  section  from  side  to  side  should  be  made,  and 
here  again  photographs  will  afford  valuable  aid  in  preserving  a  record 
of  the  geology.  In  all  cases  the  position  of  fossiliferous  beds,  if  any 
be  found,  should  be  carefully  noted. 

The  various  formations  that  compose  the  crust  of  the  earth  may 
be  divided  into  (a)  sedimentary  and  (b)  crystalline ;  and  the  crystalline 
rocks  may  be  either  igneous  or  schistose.  To  some  extent  all  these 
different  classes  of  formations  occasionally  pass  into  each  other; 
sedimentary  beds  may  become  cleaved  and  crystallised;  minerals 
may  develop  in  them,  until  they  become  foliated,  or  composed  of 
layers  of  different  minerals  such  as  quartz,  felspar,  mica,  or  hornblende, 
whilst  rocks  that  are  evidently  of  igneous  origin,  and  injected  as  veins 
or  dykes  or  irregular  masses  amongst  other  strata,  pass  into  granitic 
forms,  and  granite  often  takes  on  the  character  of  gneiss,  which  is  in 
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fact  a  foliated  form  of  granite,  with  the  constituent  minerals  arranged 
in  layers.  Nevertheless,  it  is  generally  easy  to  discriminate  at  a 
glance  between  ordinary  sedimentary  strata,  volcanic  rocks,  whether 
intrusive  or  eruptive,  granitic  rocks,  and  schistose  formations  includ- 
ing gneiss,  and  in  all  sections  the  occurrence  of  these  dififerent  classes 
of  rocks  must  be  noted. 

One  of  the  commonest  difficulties  in  ascertaining  the  bedding  of 
rocks  is  caused  by  cleavage,  which  is  especially  seen  in  slate.  If  a 
rock  is  found  to  be  easily  fissile,  observation  will  show  whether  the 
direction  of  the  cleavage  is  the*  same  as  that  of  the  bedding,  which  it 
is  usually  easy  to  recognise,  especially  on  a  weathered  surface,  by  the 
occurrence  of  stratified  bands  differing  in  mineral  character,  in  colour, 
or  in  resistance  to  the  action  of  atmospheric  erosion.  The  relation 
of  cleavage  planes  to  the  stratification  should  be  carefully  noted,  and 
also  to  the  general  outline  of  the  coimtry,  especially  to  the  direction 
of  hill  ranges. 

Jointing  is  another  feature  of  rocks  that  may  occasionally  mislead. 
It  consists  of  parallel  joints  or  cracks,  frequently  in  more  than  one 
direction,  and  often  rendered  conspicuous  by  weathering,  as  the  rocks 
decompose  more  readily  along  the  joints  than  elsewhere,  and  con- 
spicuous cracks  or  fissures  are  produced.  The  bedding  may  be 
distinguished  by  the  same  features  as  those  already  noticed  in  the 
remarks  on  cleavage.  Jointing  often  affects  hard  solid  rocks,  such  as 
sandstones,  limestones,  basalt  and  granite. 

Whoever  a  section  is  made,  specimens  of  every  rock  observed 
should  be  collected  and  carefully  labelled,  so; that  the  formations 
exposed  in  the  section  may  be  subsequently  identified.  Specimens 
should  be  taken  from  rocks  in  place,  not  from  loose  fragments,  and 
some  care  is  necessary  to  select  portions  of  the  rock  that  have  not 
undergone  extensive  alteration  from  exposure.  One  surface  at  least 
of  every  specimen  taken  should  be  a  clean  fracture  of  apparently 
unaltered  rock.  By  means  of  the  specimens  any  difficulty  in  deter- 
mining the  name  to  be  applied  to  a  rock  can  be  removed. 

Volcanic  rocks  and  glacial  formations  receive  separate  notice. 
With  granitic,  gneissic,  and  schistose  rocks  little  can  be  done  except 
to  note  the  direction  of  any  foliation  that  may  exist ;  to  ascertain 
whether  tlie  strike  and  dips  are  approximately  constant ;  and  to 
eollect  specimens  of  the  different  rocks  exposed.  Where  the  whole 
area  examined  consists  of  gneiss  and  schist,  detailed  sections,  unless 
made  by  experienced  geologists,  are  not  worth  the  great  amount  of 
trouble  they  involva 

In  case  of  the  rocks  being  completely  concealed  by  ice,  some 
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information  as  to  the  ground  covered  may  be  obtained  from  stones 
and  boulders  imbedded  in  the  ice  itself.  This  may  be  best  seen  in 
the  neighbourhood  of  the  spot  where  glaciers  melt  or  on  the  edges  of 
an  ice  sheet.  If  stones  are  borne  on  the  surface  of  glacier  ice,  this 
probably  indicates  the  presence  of  areas  of  naked  rock  (known  in 
Greenland  as  nunataks)  rising  above  the  surface  of  the  ice,  and  it  is 
desirable  that  these  should  be  examined.  All  that  can  be  learned 
from  stones  imbedded  in  the  ice  of  a  glacier  or  ice  sheet,  carried  on 
the  surface  or  imbedded  in  the  body  of  an  iceberg,  or  dredged  from 
the  bottom  of  the  sea  after  having  been  deposited  there  by  the 
melting  of  ice,  can  only  give  imperfect  or  general  knowledge  of  the 
geology  of  the  country  from  which  the  ice  has  borne  the  fragments ; 
but  even  this  information  is  better  than  none,  and  all  such  occur- 
rences of  rock  fragments  in  or  above  ice,  or  dredged  from  the  sea 
bottom,  should  be  recorded,  and  specimens  preserved. 

Elevation  avd  Subsidence  of  the  Latid, — One  question  will  usually 
present  itself  to  almost  every  geological  observer,  and  that  is,  whether 
any  coast  he  may  be  landing  upon  affords  evidence  of  elevation  or 
depression.  In  the  former  case,  beds  of  rolled  pebbles  or  of  marine 
shells,  similar  to  those  now  living  on  the  shore,  may  be  found  at 
some  elevation  above  high-water  mark.  Very  often  the  commonest 
molluscs  in  raised  beds  are  the  kinds  occurring  in  estuaries,  which 
are  different  from  those  inhabiting  an  open  coast.  Caution  is 
necessary,  however,  that  heaps  of  shells  made  by  man,  or  isolated 
specimens  transported  by  animals  (birds  or  hermit-crabs),  or  by  the 
wind,  be  not  mistaken  for  evidence  of  raised  beds. 

To  distinguish  the  shells  transported  by  animals  from  those 
uplifted  by  terrestrial  movement,  the  following  characters  may  be 
used :  whether  the  shells  seem  to  have  long  lain  dead  under  water,  as 
indicated  by  barnacles,  serpulae,  corallines  adhering  to  their  insides; 
whether  the  shells,  either  from  not  being  full  grown  or  from  their 
kind,  are  too  small  for  food;  remembering  that  certain  shells,  as 
mussels,  may  be  unintentionally  transported  by  man  or  other  animals 
in  their  young  state  while  adhering  to  larger  shells;  and  lastiy, 
whether  all  the  specimens  have  the  same  appearance  of  antiquity. 
The  very  best  evidence  is  afforded  by  barnacles  and  boring  shells 
being  found  attached  to  or  buried  in  the  rock  in  the  same  positions 
in  which  they  had  lived ;  these  may  be  sometimes  found  by  removing 
the  earth  or  birds'-dung  covering  points  of  rock. 

If  the  shore  is  steep,  terraces  on  the  hill-sides  may  mark  the 
levels  at  which  the  sea  remained  in  past  times,  but  some  care  is 
necessary  not  to  mistake  outcrops  of  hard  beds  for  terraces.    On  such 


GEOLOGY.  187 

coasts  terraces  rising  like  steps,  one  above  another,  often  occur. 
Their  outline  and  composition  should  be  studied,  diagrams  made  of 
them,  and  their  height  measured  at  many  and  distant  peuts  of  the 
coast.  There  is  reason  to  believe  that  in  some  instances  such  terraces 
range  for  surprisingly  long  distances  at  the  same  height.  Where 
several  occur  on  opposite  sides  of  a  valley,  a  spirit-level  is  almost 
indispensable  in  order  to  recognise  the  corresponding  stages. 

The  evidence  of  depression,  on  the  other  hand,  unless  there  are 
buildings  or  trees  partly  sunk  in  the  water,  is  much  less  readily 
obtained,  and  neither  trees  nor  buildings  are  avedlable  as  evidence, 
unless  the  depression  be  of  comparatively  recent  date.  The  best 
proof  is  the  form  of  the  coast.  If  inlets  of  moderate  breadth  occur, 
with  numerous  branches,  a  little  examination  will  frequently  show 
whether  such  inlets  are  valleys  of  subaerial  erosion,  as  is  not 
unfrequently  the  case,  that  have  been  depressed  below  the  sea.  In 
higher  latitudes,  care  must  be  taken  to  distinguish  the  features  of 
glacier  valleys,  like  the  friths  and  lochs  of  Scotland,  and  the  fiords 
of  Norway,  from  those  valleys  of  subaerial  erosion  that  have  recently 
undergone  subsidence.  It  is  highly  probable,  even  in  the  case  of  glacier 
valleys,  that  they  were  originally  formed  by  fresh-water  denudation, 
and  that  they  have  been  depressed,  though  their  features  may  have 
been  modified  by  the  action  of  ice. 

In  conclusion,  it  may  be  re-urged  that  the  geologist  must  bear  in 
mind  that  to  collect  specimens  is  the  least,  though  a  very  important, 
part  of  his  labour.  If  he  collects  fossils  he  can  hardly  go  wrong;  if 
he  be  so  fortunate  as  to  find  the  bones  of  any  of  the  higher  animals, 
he  will,  in  all  probability,  make  an  important  discovery.  Let  him, 
however,  remember  that  he  will  add  greatly  to  the  value  of  his  fossils 
by  labelling  every  single  specimen,  by  never  mingling  those  from  two 
formations,  and  by  describing  the  succession  of  the  strata  whence  they 
are  disinterred. 
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xr. 


INSTRUCTIONS      ON     THE     OBSERVATIONS 

WHICH  SHOULD  BE  MADE  IN  CASE  VOLCANOES  OR 
EVIDENCES  OF  VOLCANIC  ACTION  SHOULD  BE  MET 
WITH 

By  J.  W.  JuDD,  C.B.  LL.D.  F.RS. 

Should  any  volcanic  rocks  be  met  with,  the  following  suggestions 
may  aid  the  observer  in  directing  his  attention  to  the  most  important 
points  in  connection  with  them. 

I.  If  the  rocks  have  a  fresh  appearance,  and  are  of  comparatively 
recent  origin,  the  following  circumstances  concerning  them  should  be 
particularly  noted : — 

A.    Lava-Streams.     Concerning  these  should  be  recorded — 

a.  Dimensions,  Distance  from  point  of  origin  ;  breadth  at  various 
parts  of  course ;  thickness,  so  far  as  it  can  be  determined,  and 
especially  as  affected  by  the  accidents  which  the  current  meets  with 
in  its  flow. 

b.  Slope  over  which  they  flow.  This  should  be  measured  at  various 
points  with  a  clinometer  if  possible,  and,  at  points  where  the  inclina- 
tion suddenly  changes,  any  variations  in  the  dimensions  or  other 
characters  of  the  current  should  be  carefully  noted. 

c.  Surfaces  of  lavas.  Attention  should  be  paid  to  the  features 
presented  by  these,  whether  smooth  and  "ropy,"  or  bristling  and 
scoriaceous. 

d.  Texture.  Note  specially  if  the  rock  of  the  current  be  por- 
phyritic,  compact,  globular,  concretionary,  pumiceous,  glassy,  sphaeru- 
litic,  or  coarsely  crystalline.  If  the  rock  presents  ribboned  or  banded 
structures,  observe,  if  possible,  the  relations  of  these  to  the  direction 
of  flow  of  the  stream.  When  the  rock  exhibits  transitions  from  one 
texture  to  another,  collect  series  of  specimens,  illustrating  the  grada- 
tion. Note  especially  changes  between  the  surface  and  interior  of 
current,  or  those  taking  place  at  different  points  of  its  course. 
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e.  Structure.  All  peculiarities  of  jointed,  and  especially  of 
columnar,  structures  are  worthy  of  being  recorded.  Note  the 
features  presented  by  the  upper  and  lower  part  of  the  current,  and 
any  changes  in  its  course ;  also  if  columns  be  divided  by  transverse 
joints,  and  the  features  presented  by  these,  etc. 

/.  Chemical  and  mineralogical  constitution.  If  the  appearance 
of  the  rock  does  not  suggest  at  once  the  class  to  which  it  belongs, 
and  the  component  minerals  cannot  be  detected  with  a  lens,  recourse 
may  sometimes  be  had  to  a  determination  (even  roughly)  of  its 
specific  gravity. 

g.  Sometimes  lavas  contain  large  masses  of  included  minerals, 
either  crystallised  around  cavities,  or  resulting  from  the  alteration  of 
ejected  blocks.  These  are  very  interesting,  and  should  be  carefully 
collected. 

A.  Cavities,  or  air-bubbles,  in  comparatively  recent  lavas,  are 
frequently  found  coated  with  beautifully  crystallised  minerals.  And 
when  the  rocks  are  of  older  date,  the  similar  cavities  may  be  lined  or 
filled  with  crystals  of  zeolites  and  other  minerals. 

B.  Nature  of  Beds  lying  between  Lava-Currents. 

These  are  of  the  utmost  interest  and  value  to  the  geologist,  but 
unfortunately  the  ordinary  mode  of  weathering  of  volcanic  rocks  is 
such  as  greatly  to  obscure  the  interbedded  deposits  by  a'  talus  of 
fallen  fragments.  The  best  opportunities  for  their  study  are  afforded 
by  sea-cliffs,  and  deep  ravines  or  river-gorges,  which  should  therefore 
be  carefully  examined.    In  such  situations  we  may  expect  to  find — 

a.  Burnt  soils  ("  Laterites  "  of  Lyell),  usually  of  a  brick-red  colour, 
and  affording  various  evidences  of  their  modes  of  origin. 

J,  Coal'  or  Lignite-seams,  These  are  very  frequently  observed. 
Note  if  they  rest  upon  an  "  underclay  "  (an  old  soil  with  roots),  and 
if  they  contain  wood,  leaves,  or  other  plant-remains,  with  recognisable 
structure. 

c.  Ashrbeds.  These  are  sometimes  composed  of  such  impalpable 
dust  as  to  constitute  a  matrix  in  which  delicate  leaves,  shells  and 
even  insect  remains  are  exquisitely  preserved.  The  collection  of 
every  trace  of  organic  bodies  is  of  the  greatest  importance. 

A  Stratified  tuffs.  Note  especially  the  degree  and  nature  of 
their  stratification ;  also  whether  they  are  loose  or  indurated.  They 
may  contain  shells  and  plants  of  terrestrial  or  marine  origin.  Record 
the  elevations  at  which  the  latter  are  found. 

e.  Gravels  or  other  deposits.  Note  their  characters  and  materials, 
and,  if  possible,  define  their  mode  of  origin. 
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C.  Cones,  Craters,  etc.  Wherever  the  lavas  present  a  fresh 
appearance,  an  attempt  should  be  made  to  trace  them  up  to  their 
points  of  origin. 

a.  If  any  great  volcanic  mountain  be  met  with,  all  details  con- 
cerning the  lava-streams,  fragmentary  matters,  and  dykes  of  which 
it  is  built  up  will  be  of  great  interest.  Failing  these,  however, 
sketches  of  the  mountain,  and  of  specially  interesting  portions  of  it, 
accompanied  by  such  rock-specimens  as  can  be  obtained,  will  be  of 
service  to  geologists. 

b.  Cinder-cones  on  the  flanks  of  a  volcano,  or  scattered  around  it, 
should  be  examined  and  sketched.  Note  if  they  originate  streams  of 
lava. 

c.  The  craters,  both  of  volcanic  mountains  and  of  cinder-cones, 
should  be  examined.  Note  if  they  are  breached  by  lava-streams,  or 
contain  bosses  of  lava  in  their  interiors,  or  buttress-like  masses 
adhering  to  their  sides. 

d.  Note  specially  the  arrangement  of  the  smaller  and  larger  cones 
in  respect  to  one  another.  Furnish,  if  possible,  plans  to  illustrate  this 
point,  or  failing  these,  as  many  general  outline  sketches  as  possible. 

e.  In  and  around  the  craters  look  tor  fumaroles,  and,  if  possible, 
record  the  nature  of  the  gases  evolved  from  them.  Collect  the 
interesting  minerals  found  in  the  crusts  which  are  deposited  round 
the  vents,  and  in  the  rocks  traversed  by  the  vapours  and  gases. 

/.  Hot  springs,  geysers^  etc.,  often  occur  in  the  vicinity  of  active  or 
recently  extinct  volcanoes.  These  the  observer  should  be  on  the 
look-out  for  (their  vapours  often  render  them  conspicuous  at  great 
distances),  and  their  phenomena  should  be  carefully  recorded.  Speci- 
mens of  hot  and  mineral  water  should  be  sealed  up  in  bottles,  and 
brought  home  for  examination  and  analysis. 

g.  Deposits  of  siliceous  sinter,  travertine,  etc.  These,  besides 
yielding  interesting  varieties  of  minerals  and  illustrations  of  their 
mode  of  formation,  often  contain  incrusted  or  mineralised  remains  of 
plants  or  animals,  which  may  be  of  great  interest. 

h.  On  the  flanks  of  volcanoes  ejected  blocks  of  limestone  and 
other  rocks,  often  much  altered,  are  found.  These  sometimes  contain 
interesting  minerals,  and  should  be  very  carefully  collected. 

(In  the  event  of  the  observer  being  so  fortunate  as  actually  to 
witness  an  eruption  of  a  volcano,  every  detail  that  he  can  supply  may 
be  of  scientific  valua  Especially  should  he  note  the  appearances 
presented  by  the  ascending  column  of  vapour  and  fragmentary 
materials  issuing  from  the  crater,  the  height  to  which  this  rises,  the 
nature,  sequence,  and  rate  of  the  explosions  to  which  it  is  due,  and 
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the  sounds  which  accompany  them.  All  earthquake  shocks  and 
tremblings  of  the  ground  should  of  course  be  recorded.  If  lava- 
streams  are  seen  flowing,  their  rate  of  motion  and  attendant 
phenomena  should  be  carefully  noted.) 

II.  If  the  volcanic  rocks  have  evidently  been  subjected  to  great 
denudcUion,  the  following  points  should  be  more  particularly  attended 
to:— 

A.  The  composition,  textures,  and  various  structures  of  the 
dififerent  lavas  should  be  carefully  observed,  and  all  zeolites  or  other 
minerals  in  their  included  cavities  collected. 

B.  If  the  igneous  rocks  be  found  alternating  with  sedimentary 
ones,  all  fossil  remains  which  can  be  obtained  from  the  latter  will 
have  a  double  value,  as  throwing  light  on  the  age  both  of  the  aqueous 
and  the  volcanic  rocks.  But  it  will  be  especially  necessary  to  notice 
whether  the  igneous  masses  be  interbedded  and  contemporaneous  with 
the  aqueous  deposits,  or  intnisive  and  subsequent  to  them.  In  seeking 
to  determine  this  point,  it  must  be  borne  in  mind  that — 

Lava  streams  have  slaggy  or  scoriaceous  upper  and  under  surfaces, 
and  that  they  only  alter  the  rocks  upon  which  they  rest. 

Intrusive  sheets,  on  the  other  hand,  are  seldom  scoriaceous,  and 
alter  the  rocks  both  below  and  also  above  them.  They  moreover 
occasionally  cross  the  lines  of  bedding  of  the  strata,  and  send  off 
dykes  or  veins  into  them. 

C.  If  possible,  the  lavas  of  the  district  should  be  traced  up 
to  central  masses  of  intrusive  rocks.  The  forms  assumed  by  these 
in  weathering  should  be  sketched,  and  specimens  illustrating  the 
different  characters  which  they  assume  and  the  minerals  they  con- 
tain collected. 

D.  All  the  phenom.ena  of  metamorphism  exhibited  by  the  strati- 
fied rocks  in  the  vicinity  of  intrusive  masses,  whether  dykes,  sheets, 
or  bosses,  should  be  looked  for,  and  their  nature  and  extent  recorded. 
In  connection  with  this  subject,  it  should  be  remembered  that  very 
many  interesting  minerals  are  developed  near  the  junction  of  igneous 
rocks  with  those  which  they  traverse.  Series  of  rock-specimens  illus- 
trative of  a  gradual  change  in  characters  will  be  very  valuable. 

E.  If  masses  of  tuffs  and  volcanic  agglomerates  be  met  with,  they 
will  frequently  be  found  to  contain  crystals  (more  or  less  perfect)  of 
various  volcanic  minerals.  Not  unfrequently  they  also  yield  frag- 
ments of  rock  which  have  been  ejected  from  a  volcanic  vent.    These, 
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if  of  aqueous  origin,  may  be  searched  for  fossils  ;  in  all  cases,  how- 
ever, they  frequently  exhibit  signs  of  having  undergone  changes  by 
the  action  of  heat,  acid  vapours,  etc.  upon  them.  Such  masses  should 
be  broken  up  and  carefully  examined,  for  they  frequently  enclose  in 
their  cavities  some  of  the  most  beautifully  crystallised  varieties 
known  to  the  mineralogist. 

The  general  instructions  as  to  the  instruments  best  adapted  for 
the  purpose  of  the  geological  observer,  and  of  the  tools  used  for 
obtaining  rock  specimens  and  minerals,  are  of  course  equally  appli- 
cable to  the  student  of  vulcanology.  But  as  igneous  rocks  are  in 
many  cases  especially  liable  to  change  by  weathering,  the  greatest 
efforts  should  be  made  to  obtain  specimens  as  fresh  and  little  altered 
as  possible.  In  those  cases,  however,  where  the  rock  assumes  any 
peculiar  features  in  consequence  of  meteoric  actions  upon  it,  speci- 
mens both  of  the  unaltered  and  of  the  altered  rock  are  desirable. 

Works  of  reference  on  Vuleanclogyt  tue/td  to  (he  traveller : — 

G.  Ponlett  Sorope,  Voloanoes.    2nd  edition.    1872.    Longman  &  Co. 

J.  W.  Judd,  Volcanoes :  what  they  are,  and  what  they  teach.    1881.    Kegaa  Paul 
Triibner  &  Co. 

T.  G.  Bonney,  YolcanoeB:  their  Stroctnre  and  their  Significanoe.     1899.    John 
Murray. 
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ICE  OBSERVATIONS. 

By  Professor  J.  W.  Gregory.  D.Sc.  F.RS.  F.G.S.     Assisted  by 
Professor  T.  G.  Bonnby,  D.Sc.  LL.D.  F.RS.  F.G.S.* 

Members  of  the  Expedition  will  have  ample  opportunities  for  the 
observation  of  Antarctic  ice,  but,  that  the  observations  may  be  scienti- 
fically useful,  they  must  be  systematic,  and  directed  along  certain 
definite  lines.  The  following  notes  suggest  lines  of  enquiry  and  a 
few  explanations  as  to  their  objects. 

The  great  ice  fields  of  the  world  may  be  divided  into  three  groups. 
(1)  Land  ice — fields  of  snow  and  sheets  of  ice,  and  their  tributary 
glaciers,  which  act  as  ice  rivers,  discharging  the  surplus  snowfall  from 
the  collecting  grounds  to  lower  levels.  (2)  Icebergs — ^blocks  of  ice 
which  have  been  detached  from  glaciers  where  they  reach  the  sea  or 
lakes.  (3)  Ice  floes — comparatively  thin  sheets  which  have  been 
formed  in  circumpolar  regions  by  the  freezing  of  the  sea. 

In  the  Antarctic  regions  representatives  of  each  group  will  be 
found,  and  probably  will  be  developed  on  a  greater  scale  than  in  any 
other  part  of  the  globe.  But  the  study  of  Antarctic  ice  is  desirable, 
not  only  from  its  local  geographical  importance,  but  also  from  the 
evidence  it  may  yield  as  to  the  conditions  of  the  period  when  some 
form  of  ice  agent  deposited  a  vast  sheet  of  clay,  sand  and  gravel  over 
much  of  North-western  Europe,  including  most  of  the  British  Isles, 
and  over  Canada  and  the  northern  part  of  the  United  States. 

There  has  been  a  prolonged  controversy  as  to  the  mode  of  forma- 
tion of  these  deposits,  but  the  main  question  is  now  reduced  to  the 
alternatives,  (1)  that  vast  continuous  sheets  of  ice  covered  most  of 
Northern  Europe  and  America,  just  as  its  ice-cap  does  Greenland ;  or, 
that  there  was  a  series  of  local  glacial  centres,  beyond  the  limits 

*  Aa  ProfeoBor  Gregory  was  obliged  to  retam  to  Austral  ift  before  quite  completing 
tiiflse  notes,  ho  posted  the  manuscript  to  me,  with  the  request  tiiat  I  would  revise  it, 
idding  anTthing  which  I  thought  desirable,  and  see  it  through  the  press.  I  have 
mordingly  made  a  few  verbal  alterations  and  added  an  occasional  sentence  or 
.— T.  G.  B. 


194  THE  ANTARCTIC  MANUAL. 

of  which  material  was  distributed  by  icebergs  and  icefloes.  For 
instance,  boulders  of  rocks  from  Southern  Norway  are  found  on  the 
Eastern  coast  of  England.  That  they  were  carried  there  by  ice  is  now 
universally  admitted,  but  it  is  still  disputed  whether  these  rocks 
were  transported  across  the  North  Sea  by  floating  ice  or  by  a  vast 
ice-sheet  which  completely  filled  the  North  Sea  basin.  No  evidence 
in  support  of  the  latter  hypothesis  is  given  by  Arctic  ice,  but  the 
great  Antarctic  ice  barrier  may  conceivably  be  doing  what  some  geo- 
logists assure  us  that  the  Scandinavian  ice-sheet  did  in  "  the  Great 
Ice  Age,"  and  what  other  geologists  tell  us  is  impossible. 

Similarly,  the  study  of  Antarctic  land  ice  may  yield  valuable 
assistance  in  explaining  the  origin  of  the  old  "glacial  drifts."  Land 
ice  was  first  studied  in  Switzerland,  where  the  existing  glaciers  show 
only  a  limited  range  of  action,  and  the  study  of  Arctic  glaciers  at 
first  concentrated  attention  upon  the  Swiss  glacier  type;  for  the 
differences  between  them  were  overlooked,  until  trained  experts, 
such  as  Chamberlin  and  Salisbury  from  America,  and  von  Drygalski 
from  Germany,  studied  the  Greenland  glaciers.  Their  descriptions 
of  glacial  structures,  not  exhibited  in  Switzerland,  have  enabled  a 
great  advance  to  be  made  in  this  branch  of  geology. 


I.    Sea  Ice  and  Icebergs. 

1.  Icebergs  and  Floebergs, — The  characteristic  Antarctic  icebergs  are 
of  the  flat-topped  variety,  which  in  the  Arctic  regions  have  been 
called  floebergs,  from  the  belief  that  they  were  formed  as  floes,  which 
gradually  increased  in  thickness  by  the  freezing  of  layer  after  layer 
to  the  under  side  of  the  floe.  This  question  is  still  open.  It  can  be 
tested  by  determining,  in  the  case  of  similar  Antarctic  floebergs,  the 
amount  of  salt  in  different  layers  of  the  berg,  the  presence  or  absence 
of  marine  organisms  (such  as  diatoms)  along  porous  layers,  and  the 
extent  to  which  such  marine  materials  can  rise  into  the  berg  by 
capillary  action. 

2.  Layers  or  Bands  of  Clay,  Stone,  etc. — If  these  are  present  in  a 
berg  it  has  probably  been  formed  from  land  ice.  The  height  above 
sea-water  to  which  such  bands  rise,  and  of  the  berg,  should  both  be 
noted. 

3.  Included  Rocks. — The  most  important  information  to  be  obtained 
from  icebergs  is  to  be  got  by  collecting  specimens  of  the  rocks  and 
pebbles  occurring  in  them.     For  rock  samples,  4J  in.  by  3  in.  by 
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1^  in.  is  a  convenient  size.*  In  the  case  of  boulders,  note  should 
be  taken  as  to  whether  their  surfaces  are  scratched,  grooved  or 
polished 

Blocks  of  sandstones,  limestones  and  clays,  should  be  carefully 
searched  for  fossils,  for  which  purpose,  whenever  possible,  the  whole 
of  the  boulder  should  be  broken  up.  One  specimen  of  each  such 
kind  of  rock  present  should  be  collected,  and  a  note  taken  of  the 
relative  number  and  size  of  the  different  kinds. 

4.  Berg  Forms. — Some  idea  as  to  the  age  of  bergs  can  be  obtained 
from  their  forms.  The  bergs  may  be  assumed  to  begin,  in  the  great 
majority  of  cases,  as  fairly  flat-topped  blocks  of  land  ice,  and,  as  they 
float  away  from  their  place  of  origin,  they  are  worn  into  peaks  and 
pinnacles.  Information  should  therefore  be  collected  as  to  the  dis- 
tribution of  flat-topped  and  pinnacled  bergs. 

5.  In  the  case  of  stratified  icebergs^  the  thickness  and  texture  of 
the  different  layers  should  be  noted,  and  the  general  average  texture 
of  the  berg  above  sea  leveL  This  information  enables  an  estimate  to 
be  made  as  to  the  total  thickness  of  the  icebergs,  which  cannot  be 
directly  determined  unless  they  are  aground,  when  soundings  beside 
them  show  their  full  depth.  A  stratified  appearance  may  be  due  to 
either  of  two  causes — (a)  the  inclusion  of  layers  of  clay,  grit  and 
stone,  which  are  generally  restricted  to  the  lower  part  of  the  glacier, 
seldom  exceeding,  according  to  Chamberlin,  about  seventy-five  feet 
in  the  Greenland  glacier  (double  that  amount  being  a  possible  maxi- 
mum), with  clean  ice  above ;  or  (6),  an  alternation  of  layers  of  blue 
(solid)  and  white  (more  porous)  ice,  which  would  probably  imply 
little  more  than  that  the  mass  had  come  from  a  large  glacier. 

6.  Floe  Ice. 

(1)  The  thickness  of  ice  formed  in  a  single  season,  the  rate  of  its 
increase  in  thickness,  and  the  maximum  thickness  f  of  fioe  ice  met 
with  should  all  be  noted. 

(2)  The  extent  to  which  newly  formed  thin  sheets  of  ice  are 

*  As  it  may  sometimes  be  practieally  impossible,  owing  to  difficulties  of  carriage,  to 
tviag  away  specimens  of  this  size,  it  may  be  well  to  remark  that  a  fragment,  little  more 
than  a  enbie  inch  in  volnme,  may  be  quite  sufficient  to  determine  the  species  of  a  rock ; 
piofided  always,  the  sample  be  carefiilly  selected  to  show  the  average  character  of  the 
nek,  Le.  it  must  represent  the  least  decomposed  part,  be  free  from  veins  or  adven- 
titioas  minends,  but  should  show  any  mineral  bending,  like  stratification,  if  such 
tfceie  be.— T.  G.  R 

t  The  maximum  thickness  of  the  ice  in  the  North  Polar  Sea  observed  by  Nansen 
Mag  the  drift  of  the  From,  from  April  10,  1894,  to  Feb.  6,  1895,  just  exceeded 
■be  feet ;  bat  it  attains  to  a  greater  thickness  by  packing  of  the  floe. — *  Farthest 
fath,'  ToL  L  i^.  404-406. 

02. 
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flexible  should  be  observed,  both  by  watching  them  as  they  bend 
above  the  waves,  and  by  experiments.  The  structure  of  such  flexible 
ice  sheets  should  be  carefully  observed,  taking  special  note  whether 
the  ice  be  compact  or  porous,  whether  the  ice-crystals  in  it  are  all 
parallel,  or  whether  the  sheet  consists  of  a  complex  of  irregularly 
arranged  grains. 

Experiments  should  be  made  to  test  the  weight  required  to  bend 
a  measured  lath  of  such  ice,  and  of  the  extent  to  which  the  lath  will 
bend  without  breaking. 

(3)  The  formation  of  floe  ice  and  its  relation  to  the  temperature 
should  be  noted,  and  the  observations  on  its  composition  and  that  of 
the  sea- water,  which  are  described  in  the  'Arctic  Manual'  (pp.  638-9), 
should  be  continued.  The  changes,  if  any,  in  the  floe  ice  as  the 
winter  proceeds  should  be  observed;  also,  how  far  the  presence  or 
absence  of  salt  in  it  depends  on  the  temperature  at  which  it  is  formed, 
and  whether,  as  the  spring  approaches,  the  disintegration  of  the  ice  is 
aided  by  some  kind  of  endosmosis  of  the  sea- water. 

II.    Coast  Ice. 

In  reference  to  the  action  of  coast  ice,  data  should  be  collected  as 
to  the  height  and  distance  to  which  ice  floes  travel  up  a  beach  from 
the  pressure  of  grounding  floes ;  notes  should  be  made  as  to  the  efiect 
of  the  ice  masses  on  the  rocks  and  beach  material  below,  especially 
in  regard  to  the  production  of  striations  on  either  of  these,  and  the 
extent  to  which  the  latter  may  be  incorporated  in  the  lower  part  of 
the  floe.  Any  contortions  of  the  beach  material  should  be  sketched, 
with  measurements  of  the  dimensions  of  the  contortions. 

III.    Structure  of  the  Ice  Barrier. 

The  origin  of  the  Antarctic  Ice  Barrier,  which  extends  Eastwards 
from  Mts.  Erebus  and  Terror,  is  still  unsettled.  As  a  contribution 
to  the  history  of  this  ice,  observations  should  be  made  as  follows : 

(1)  Its  intimate  structure,  including  the  size,  form  and  arrange- 
ment of  the  ice-grains. 

(2)  The  presence  or  absence  of  included  layers  of  earth  and  stone ; 
and,  in  the  former  case,  their  thickness  and  arrangement  should  be 
noted,  their  forms  and  the  nature  of  the  materials  contained,  their 
mode  of  weathering  at  the  surface,  the  effect  which  they  may  produce 
on  the  movement  of  the  ice,  and  their  relation  to  shear  planes ;  for  it 
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has  been  suggested  that  an  abundance  of  included  material  may 
greatly  retard,  possibly  even  arrest,  the  movement  of  the  lower 
layers.     Sketches  or  photographs  of  them  should  be  taken. 

(3)  If  any  fine  streaks  are  present,  their  direction,  number  and 
arrangement  should  be  noted. 

(4)  Specimens  should  be  collected  of  any  included  rock  fragments 
or  mud. 

Such  observations  can  be  taken  better  on  the  face  of  the  Barrier 
than  on  its  surface ;  and  the  same  rule  is  applicable  to  the  study  of 
all  forms  of  ice.  In  crossing  the  upper  surface  of  the  Barrier,  the 
most  important  point  to  observe  is  the  arrangement  and  distribution 
of  the  crevasses. 

It  would  be  interesting  to  know  the  area  of  the  Ice  Barrier  and 
the  direction  of  its  movement. 

IV.    Land  Ice. 

The  Land  Ice  will  probably  be  found  to  consist  of  inland  ice 
sheets  and  of  tributary  valley  glaciers. 

In  addition  to  a  general  topographical  description  of  the  forms 
and  distribution  of  the  ice,  observations  may  be  made  on  the 
following  lines : 

(1)  Gfktcier  Terminations, — These  will  probably  be  either  vertical 
&ces  (Chinese  Walls)  or  tapering  snouts.  The  directions  towards 
which  they  face  should  be  noted,  and  several  of  the  '  Chinese  Walls ' 
should  be  studied  in  full  detail.  Observations  should  be  made  of  the 
structure  and  thickness  of  the  successive  layers ;  the  amount  of  and 
nature  of  the  material  included  in  the  different  layers  of  the  ice ;  the 
overhang,  if  any,  of  the  top  layer ;  the  mode  of  advance  of  the  glacier 
as  a  whole ;  the  effect  of  the  advancing  glacier  on  obstacles  in  its 
path,  such  as  the  moulding  and  sculpturing  of  the  rocks  over  which 
it  passes ;  whether  its  action  is  erosive  as  well  as  abrasive,  and  how 
far  such  action  is  dependent  on  the  magnitude  of  the  ice  stream,  and 
on  the  slope,  or  changes  in  the  slope,  of  the  surface  over  which  it  is 
passing.  In  some  cases  a  glacier  appears  to  advance  over  a  causeway 
of  its  own  building ;  that  is,  by  overriding  its  own  terminal  moraine 
(constructed  in  Greenland  very  largely  of  material  transported  in  the 
lower  part  of  the  ice) ;  in  other  cases,  probably  dependent  very  largely 
(a  the  amount  of  the  slope,  it  thrusts  the  material  before  it.  The 
eSact  of  subglacial  streams  and  the  arrangement  of  the  ice  beside 
channels  should  also  be  studied. 
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(2)  Rate  of  Movement. — Some  measure  of  the  snowfall  from  a 
given  area  may  be  obtained  by  estimating  the  discharge  of  ice  by  the 
glaciers  therefrom.  For  this  purpose  the  rates  of  flow  of  the  glaciers 
must  be  measured. 

It  is  at  any  rate  essential  that  the  average  daily  rate  of  flow 
should  be  determined  for  several  typical  *  Chinese  Wall '  glaciers,  and 
for  a  typical  *  snouted '  glacier. 

(3)  Nature  of  Olacier  Movement. — ^That  glaciers  flow  like  rivers 
was  discovered  long  ago,  but  the  cause  and  mode  of  this  movement 
is  still  an  open  question.  Many  theories  have  been  proposed  in 
explanation  of  this,  the  most  important  of  which  are  founded,  directly 
or  indirectly,  on  a  study  of  the  minute  structure  of  glacier  ice.  All 
ice  is  composed  of  an  aggregate  of  irregular  crystalline  grains,  but  the 
mode  of  aggregation  of  these  grains  difiers  materially  in  different 
kinds  of  ice.  That  of  glaciers  has  been  found  to  exhibit  a  structure 
more  or  less  irregular,  and  sufficiently  coarse  to  be  visible  to  the 
naked  eye,  but  further  information  is  needed  to  determine  its  history 
and  significance.  The  size,  shape  and  optical  arrangement  of  the 
glacier  grains  should  therefore  be  carefully  studied. 

Information  is  especially  wanted  as  to  the  crystallographic 
arrangement  of  the  grains  in  the  immediate  neighbourhood  of  the 
shearing  planes  which  are  found  in  Arctic  glaciers;  especial  note 
should  be  taken  whether  all  the  ice  grains  have  their  crystallographic 
axes  parallel  on  both  sides  of  such  planes. 

The  study  of  the  behaviour  of  the  ice  along  these  shearing  planes 
is  of  great  interest.  If  possible,  any  differences  in  the  rates  of  move- 
ment on  either  side  of  a  shearing  plane  should  be  measured.  The 
changes  that  occur  in  the  ice  may  be  noted  by  taking  successive  photo- 
graphs, at  intervals  of  say  a  week,  of  one  patch  on  a  glacier  face. 

Further  a  block,  including  a  shear  plane,  should  be  cut  out  of  the 
glacier,  and  the  power  necessary  to  deform  it,  by  pressure  applied  in 
different  directions,  should  be  determined. 

(4)  The  Growth  of  Glacier  Grains. — Attention  should  be  dii*ected 
to  tlie  growth  of  ice  grains  imder  strain.  Notice  whether  one  grain 
grows  by  the  melting  and  absorption  of  surroimding  grains,  or 
whether  cases  occur  in  which  all  grains  grow  simultaneously  by  the 
introduction  of  water  from  elsewhere. 

(5)  Internal  Melting  of  Glacier  Ice, — The  extent  to  which  melting 
takes  place  in  glaciers  has  been  again  made  a  matter  of  primary 
importance  by  von  Drygalski's  work  in  Greenland.  His  conclusions 
having  been  called  in  question,  further  data  on  this  point  are  desired. 
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If  glaciers  move  by  the  continual  melting  and  re-freezing  of  the  ice 
grains,  then  temperatures  at  which  this  can  occur  should  be  met  with 
in  glaciers.  A  platinum  thermometer  is  the  most  suitable  instrument 
to  determine  the  temperature  in  the  body  of  a  glacier,  but  mercurial 
thermometers,  buried  at  various  depths,  can  also  be  used.  A  consider- 
able series  of  observations  should  be  undertaken  to  determine  (1)  the 
rate  at  which  heat  waves  traverse  the  ice ;  (2)  the  depth  affected  by 
superficial  changes  of  temperature;  (3)  the  minimum  temperature 
to  be  found  in  the  lower  part  of  a  glacier. 

(6)  Ablation. — The  extent  to  which  the  upper  layers  of  a  glacier 
are  removed  by  melting  and  evaporation — known  as  ablation — must 
be  systematically  measured  by  driving  graduated  sticks  into  the  ice. 

In  connection  with  ablation,  it  is  advisable  to  determine  the  loss 
in  weight  of  an  exposed  block  of  ice.  In  comparison  with  this  experi- 
ment, similar  measurements  should  be  made  as  to  the  rate  of  solution 
of  ice  exposed  in  the  sea  at  temperatures  below  the  freezing-point  of 
firesh  water. 

(7)  Thickness  of  the  Antarctic  Ice-Sheet, — Estimates  of  the  thick- 
ness of  the  Antarctic  ice-sheet  will  be  difficult  to  form.  The  only 
means  of  forming  an  approximate  estimate  may  be  by  transverse 
sections  'across  the  country,  showing  the  surface  slope  of  the  ice  in 
reference  to  any  rock-peaks  that  rise  above  it.  The  view  that  the  ice 
will  steadily  increase  in  thickness  to  the  South  Pole,  where  it  may 
amount  to  20  miles,  is  apparently  hypothetical,  and  not  easy  to 
reconcile  with  the  known  properties  of  ice. 

(8)  Glacial  Uplift. — The  fate  of  water  produced  by  ablation 
should  be  traced  if  possible.  The  water,  for  instance,  may  percolate 
to  low  levels  in  the  ice-mass  and  there  be  again  frozen.  In  that  case 
the  layers  of  a  glacier  may  be  subject  to  a  gradual  uplift,  due  to  the 
removal  of  the  top  layer  and  its  transference  by  percolation  and 
re-freezing  to  the  bottom. 

The  uprise  of  the  lower  layers  of  a  glacier  has  been  assumed  by 
some  geologists  to  explain  certain  features  of  European  glacial  de- 
posits, and  it  has  been  observed  to  occur  on  the  margins  of  Arctic 
glaciers  in  Greenland  and  Spitzbergen. 

To  what  extent  material  from  the  bed  of  the  glacier  is  uplifted  by 
such  a  movement  should  be  carefully  investigated.  It  is  also  possible 
that  in  some  cases  the  ice-mass  may  be  forced  up  liill  by  the  pressure 
of  that  which  is  descending  from  a  higher  level,  or  in  other  words  that 
a  glacier  may  behave  somewhat  in  the  way  of  water  at  the  foot  of  a 
steep^  slope.     All  proofs  that  any  such  tiling  has  occurred  should  be 
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clearly  recorded,  and  the  relation  between  the  height  to  which  either 
the  surface  of  the  ice  or  material  transported  on  or  in  it  has  been 
pushed  up,  and  that  from  which  the  mass  to  which  the  thrust  is  due 
has  descended,  should  be  carefully  observed. 

(9)  Ground  Moraine, — ^Where  glaciers  can  be  observed  resting 
directly  on  the  ground,  the  lower  layers  will  probably  be  found 
crowded  with  mud,  pebbles  and  boulders.  Note  whether  there  is 
any  layer  of  such  material  dragged  forward  by  the  movement  of  the 
ice  above;  and  whether  there  is  a  gradual,  imperceptible  passage 
from  frozen  mud  below  the  glacier  into  ice  crowded  with  detritus, 
and  from  this  again  to  ice  with  bands  of  detritus  and  thence  to 
comparatively  pure  ice.  Also  how  far  such  material  can  accumulate 
so  as  to  form  a  cushion  of  any  thickness  between  the  lowest  layer  of 
ice,  whether  clean  or  dirty,  and  the  live  rock,  and  the  circumstances 
under  which  such  accumulation,  if  any,  occurs. 

(10)  BovMer  Clay, — Any  signs  of  stratification  in  a  boulder  clay 
or  till  should  be  carefully  noted,  and  any  inter-bedding  of  this  with 
sands  or  gravel.  Such  material,  and  especially  the  former,  should 
be  carefully  searched  for  organic  remains,  and  the  mode  in  which 
these  occur  should  be  noted,  whether  broken  or  whole,  or  in  positions 
of  growth.  Samples  also  of  the  clay  should  be  secured,  that  they 
may  be  searched  for  ostracoda,  foraminifera,  etc.  The  included  rock- 
fragments  should  be  carefully  studied,  and  the  locality  from  which 
they  have  been  derived  should,  if  possible,  be  ascertained.  Great 
attention  should  also  be  paid  to  their  form,  whether  angular,  sub- 
angular,  or  rounded;  in  other  words,  whether  fragments  obviously 
water- worn  or  the  reverse  are  abimdant  or  preponderant. 

(11)  Evidence  as  to  whether  the  ice  in  Antarctic  regions  is 
now  at  its  maximum  extent,  or  whether  it  has  anywhere  retreated, 
should  be  carefully  sought.  Thus,  wherever  the  ice  does  not  actually 
come  down  to  or  beyond  the  sea  margin,  such  indications  of  its  former 
presence  as  rounded  and  striated  rocks,  perched  blocks  and  moraines, 
should  be  recorded,  and  where  any  large  mass  of  rock  is  visible,  this 
should  be  carefully  examined  for  inter-stratified  boulder  beds,  in  order 
to  see  whether  there  is  evidence  that  the  region  has  passed  through 
more  than  one  glacial  age. 

Two  forms  of  deposited  material,  directly  or  indirectly  associated 

with  land  ice,  are  still  very  imperfectly  understood.     One  consists  of 

the  peculiar  mounds  of  sand,  gravel  and  rock  fragments  called  Eskers, 

•  Asar,  or  Karnes.     These  sometimes  bear  a  general  resemblance  to 

moraines,  at  others  are  more  like  rude  and  magnified  copies  of  rather 
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dilapidated  railway  embankments.  The  coarser  materials  are  usually 
more  water-worn  and  the  whole  more  distinctly  stratified  than  in 
moraines,  the  stratification  not  seldom  exhibiting  in  transverse  sec- 
tions an  arched  structure,  roughly  concordant  with  the  exterior  of 
the  mound.  These  eskers  may  sometimes  be  traced  for  many  miles, 
and  commonly,  though  not  invariably,  follow  the  lowest  part  of  a 
valley.  The  other,  called  Drumlins,  are  also  mounds,  but  veiy  dif- 
ferent in  shape.  Their  ground-plan  is  an  oval,  tlie  breadth  being  about 
one-half  or  two-thirds  of  the  length,  which  may  vary  from  a  few 
hundred  feet  to  a  mile,  and  the  height  from  twenty-five  to  two  hundred 
feet.  They  are  smooth  and  regular  in  contour,  having  steep  sides  and 
a  gently  sloping  rounded  top.  The  material  is  a  compact  clay  filled 
with  foreign  and  finely  striated  stones,  very  imperfectly,  if  at  all, 
stratified.  In  any  limited  area  the  longer  axes  of  a  group  are  gene- 
rally parallel,  and  point  in  the  same  direction  as  the  glacial  striae  on 
neighbouring  rocks.  Supposing  either  Eskers  or  Drumlins  to  exist 
on  ice-free  portions  of  the  Antarctic  land,  it  will  be  important  to 
observe  whether  they  occur  on  tracts  over  which  a  glacier  can  be 
proved,  by  the  usual  indications,  to  have  passed,  together  with  any- 
thing which  may  throw  light  on  their  relations  to  it  and  on  the  mode 
in  which  they  have  been  formed. 
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XIII. 

INSTRUCTIONS  FOR 
COLLECTING  ROCKS  AND  MINERALS. 

By  L.  Fletcher,  M.A.,  F.B.S. 

From  the  collector's  point  of  view,  Minerals  differ  in  many  respects 
from  both  Animals  and  Plants :  the  individuality  being  little  pro- 
nounced, a  specimen  may  be  broken  in  two,  and  yet  often  be  as 
satisfactory  as  before  in  its  illustration  of  the  characters  of  the 
material ;  the  characters  themselves  are  independent  both  of  climate 
and  seasons  and  of  mere  longitude  and  latitude ;  the  material,  after 
collection,  is  comparatively  permanent,  and  is  generally  free  from  that 
liability  to  decay  which  is  a  special  feature  of  organic  matter. 

Meteorites, — Of  the  mineral  products  of  Nature  some  are  inter- 
esting as  having  fallen  from  the  sky  (meteorites):  most  of  these 
(meteoric  stones)  are  of  grey  stony  matter,  which  is  completely 
covered  with  a  thin  black  crust,  and  contains  particles  of  metallic 
iron  dispersed  through  it ;  the  others  consist  of  metal  (meteoric  iron), 
which,  though  containing  on  the  average  about  10  per  cent,  of  alloyed 
nickel,  has  an  aspect  like  that  of  the  iron  of  commerce.  As  native 
iron  is  extremely  rare,  any  natural  product  consisting  either  wholly 
or  partially  of  metallic  iron  is  of  special  interest  and  worthy  of 
collection. 

Atmospheric  Diist. — The  dust  which  settles  on  a  snow-covered 
region,  far  away  from  manufacturing  districts  and  from  exposed  land, 
is  of  great  interest  as  possibly  having  had  its  origin  outside  our  own 
Earth.  A  large  amount  of  the  snow  spread  out  on  a  clean  sheet 
should  be  allowed  to  melt  and  drain  away ;  the  mineral  residue  can 
then  be  collected  by  brushing  with  a  feather. 

Books. — In  general,  rock-specimens  are  of  Uttle  value,  except  in 
connection  with  a  complete  survey  and  description  of  the  region  by 
one  who  has  given  special  attention  to  the  study  of  mineralogy  and 
geology,  and  has  himself  collected  the  specimens:  rock-specimens 
collected  here  and  there,  and  without  correlative  information  as  to 
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the  geological  structure  of  the  district,  are  rarely  worth  the  trouble 
and  expense  of  transport.  But  any  traveller  in  a  comparatively 
unknown  region,  like  the  Antarctic,  even  though  it  contains  neither 
mines  nor  quarries,  may  be  of  service  by  collecting  material  represen- 
tative of  all  exposed  rocks  met  with  during  his  journeys.  Such 
material  should  be  taken,  not  from  the  margin  of  the  rock  which  has 
been  long  exposed  to  the  action  of  the  weather  and  is  more  or  less 
altered,  but  from  the  inner  part  showing  uniformity  of  character.  To 
break  off  such  specimens,  the  traveller  should  provide  himself  with  a 
hammer  of  which  head  and  shaft  are  reasonably  proof  against  fracture. 
"  Mineralogical  hammers  "  are  articles  of  commerce,  and  are  of  vari- 
ous weights  and  sizes ;  the  head  is  of  well-tempered  steel,  one  end  of 
it  being  flat  and  square  with  an  edge  about  1  inch  long,  the  other  end 
having  the  shape  of  a  chisel,  the  chisel-edge,  also  about  1  inch  in 
length,  being  at  right  angles  to  the  shaft:  for  most  purposes  a 
hammer  of  two  pounds  weight  is  suflBcient.  Strong  chisels,  4  or  5 
inches  long,  are  also  occasionally  useful.  A  small  trimming-hammer, 
from  i  to  J  pound  in  weight,  is  convenient  for  use  in  the  reduction 
of  specimens  to  a  proper  shape  and  size.  The  size  adopted  for  the 
specimen  must  depend  largely  on  the  sizes  of  the  individual  mineral 
constituents  of  the  rock,  since  the  specimen  is  to  illustrate  the 
average  characters  of  the  mass,  and  also  on  the  conveniences  for 
transport:  a  good  average  size,  if  the  specimens  are  intended  for 
exhibition,  is,  length  4  inches,  breadth  3  inches,  thickness  from  ^  to  1 
inch.  As  rock-material  is  very  heavy,  the  reduction  in  size  should 
be  made  at  the  place  itself;  another  piece  of  the  rock  can  then  be 
immediately  got,  if  by  any  mischance  the  specimen  be  spoiled  in  the 
course  of  the  trimming.  Where  a  rock  shows  variations  of  character, 
specimens  should  be  selected  in  illustration  thereof. 

The  interest  of  a  rock-specimen  lies  very  largely  in  the  relations- 
of  the  mass  of  which  it  is  a  part  to  the  other  rock-masses  in  the 
district ;  unless  information  as  to  the  locality  of  the  mass  to  which 
the  specimen  belonged  is  preserved,  the  specimen  itself  generally 
becomes  valueless;  for  this  and  other  reasons  water-worn  pebbles 
are  not  worthy  of  transport.  Hence  it  is  important  to  specify  as 
precisely  as  possible  the  place  from  which  each  specimen  has  been 
broken,  and  also  to  take  precautions  against  the  possibility  of  a 
subsequent  confusion  of  the  localities  of  the  specimens.  A  gummed 
label  should  be  fastened  on  each  specimen  immediately  after  it  has 
been  trimmed,  and  a  number  should  be  written  thereon  referring  to 
a  corresponding  entiy  in  a  note-book  in  which  all  the  memoranda 
relative  to  the  locality  and  the  specimen  are  recorded  :  among  these 
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may  be  included  the  hour  and  the  date  when  the  specimen  was  got, 
as  giving  a  rough  indication  of  the  relative  positions  of  the  different 
masses  on  the  line  of  route.  The  specimen  should  then  be  wrapped 
in  newspaper  to  prevent  friction  with  others ;  and,  as  a  measure  of 
precaution  against  the  loss  of  the  note-book  and  also  as  a  con- 
venience, the  locality  should  be  specified  on  the  inside  edge  of  the 
wrapper.  It  is  also  convenient  if  the  wrappers  of  specimens  from 
each  particular  district  are  distinguished  by  some  external  mark. 

The  specimens  may  be  stowed  in  manilla  bags,  which  are  then 
sewn  sufficiently  tightly  to  prevent  the  shaking  about  of  the  contents. 
Wooden  boxes  should  be  small  and  strong,  for  large  boxes  containing 
rock-specimens  are  almost  unmanageable  during  transport.  Paper 
or  straw  makes  good  packing  material ;  but  sawdust  is  useless,  as  the 
specimens  accumulate  at  the  bottom  of  the  box  with  the  sawdust 
above  them. 

Minerals. — The  specimens  which  show  the  characters  pertaining 
to  mineral  species  and  varieties  in  the  most  perfect  way  are  found, 
not  at  the  earth's  surface,  but  in  the  course  of  the  working  of  mines 
and  quarries.  Specimens  of  simple  minerals  collected  in  an  un- 
worked  region  like  the  Antarctic  by  a  traveller  having  no  special 
knowledge  of  mineralogy,  are  likely  to  be  of  little  scientific  interest, 
though  precious  stones,  metals  and  ores  will  have  an  obvious 
economic  value. 

A  mineral  specimen  comprising  delicate  crystals  should  be  wrapped 
first  of  all  in  soft  tissue-paper,  next  in  cotton- wool,  and  lastly  in 
newspaper;  it  may  then  be  enclosed  separately  in  a  small  box, 
which  may  be  put  with  others  in  a  larger  one. 
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XIV. 
ZOOLOGY: 

ANTARCTIC  CETACEA. 

t 

By  R.  Lydekker,  F.E.S. 

That  whales  are  abundant  at  certain  times  of  the  year  in  certain 
parts  of  the  Southern  ocean,  and  that  they  resort  to  the  coasts  of 
southern  Patagonia,  New  Zealand,  etc.,  during  the  breeding  season,  is 
a  well-known  fact.  For  instance,  Mr.  W.  S.  Bruce,*  in  his  account 
of  the  animals  met  with  during  the  voyage  of  the  ss.  Baicma,  of 
Dundee,  in  1892-93,  speaks  of  the  great  number  of  large  whales  met 
with  in  the  Antarctic.  And  Mr.  H.  J.  Bull,  in  a  letter  to  Tlie  Times 
newspaper  of  December  25,  1895,  testifies  to  the  number  of  "  blue 
whales  "  encountered  during  the  cruise  of  the  steam  whaler  Antarctic. 
*•  The  number  of  blue  whales,"  he  writes,  "  in  the  Antarctic  must  be 
very  considerable.  On  our  cruise  we  noticed  them  more  or  less  fre- 
quently from  the  64°  to  the  74°  south  lat.,  between  the  long,  of  165° 
to  178°  east."  These  "blue  whales,"  it  appears,  were  rorquals,  or 
finners.  But,  to  go  back  to  earlier  years,  Sir  James  Ross  recorded 
meeting  with  numbers  of  what  he  regarded  as  right  whales,  or  "  black 
whales,"  in  high  Southern  latitudes. 

This  latter  statement  has  given  rise  to  the  idea  that  the  Antarctic 
Ocean,  like  the  Arctic  Ocean,  is  the  habitat  of  a  right  whale  which 
frequents  the  edge  of  the  ice  for  a  considerable  portion  of  the  year, 
and  only  proceeds  northwards  for  the  purpose  of  breeding.  And  it 
was,  to  a  great  extent,  with  the  object  of  capturing  these  supposed 
South  Polar  right  whales  that  the  Antarctic  was  fitted  out  and 
despatched.  Needless  to  say  the  venture  ended  in  disappointment ; 
for,  although  the  southern  right  whale  undoubtedly  travels  far  south 
during  its  journeys  to  and  from  its  breeding  resorts  on  the  coasts  of 
New  Zealand  and  elsewhere,  it*  is  most  certainly  not  an  endemic 
polar  species,  analogous  in  its  habits  and  distribution  to  the  Green- 
land right  whale.  It  is,  in  fact,  distinctly  not  an  ice- whale ;  and  the 
same  apparently  holds  good  with  regard  to  the  rorquals  and  all  tlie 


•  ( 
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other  large  cetaceans  of  the  Southern  seas.  Some,  like  the  pigmy 
whale  and  the  southern  bottle-nose,  are  peculiar  to  the  seas  of  the 
Southern  Hemisphere,  but  none  appear  to  be  exclusively  denizens  of 
the  circumpolar  ocean.  That  is  to  say,  not  only  is  there  no  Antarctic 
representative  of  the  Greenland  right  whale,  but  there  is  no  cetacean 
in  the  southern  seas  corresponding  either  to  the  white  whale  {Delphi^ 
napteni8)f  to  the  black  fish  (Globiceps),  or  to  the  narwhal  of  the  North 
Polar  ocean.  Of  course  there  is  the  possibility  that  such  a  creature 
may  be  discovered,  but  none  is  known  to  science  at  the  present  day. 

Of  many  of  the  cetaceans  that  habitually  frequent  the  Southern 
ocean  the  species  is  definitely  known,  but  in  other  cases — notably 
among  the  rorquals — our  information  in  this  respect  is  most  defec- 
tive. Any  observations  as  to  the  time  when  whales  that  can  be 
specifically,  or  even  generically,  identified  visit  particular  latitudes, 
and  how  far  south  they  range,  would  be  of  the  utmost  value.  If 
specimens  are  captured,  and  it  is  found  impossible  to  bring  home  the 
entire  skeleton,  the  best  plan  would  be  to  preserve  the  skeleton  of 
one  of  the  flippers,  one  half  of  the  lower  jaw,  and  the  two  shell-like 
tympanic  bones  of  the  inner  ear. 

Of  the  larger  cetaceans  definitely  known  to  range  as  far  south  in 
the  Antarctic  seas  as  lat.  50°,  or  thereabouts,  the  most  important  is 
the  southern  right  whale  {Bcdcena  australis).  It  may  be  recognised 
by  its  black  colour,  short  and  deep  build,  enormous  head,  and  the 
absence  of  a  ba(*.k  fin.  It  has  the  usual  long  whalebone  of  the  right 
whales,  although  the  plates  of  this  substance  are  much  shorter,  and 
therefore  less  valuable,  than  those  of  its  Arctic  relative.  Whether 
this  whale  was  ever  abundant  in  the  Southern  seas,  and,  if  so,  whether 
its  numbers  have  been  seriously  reduced  by  expeditions  despatched 
from  southern  ports,  are  points  upon  which  information  is  required. 
In  the  southern  winter  they  are  known  to  journey  northwards  to 
breed,  but  we  have  no  knowledge  how  far  south  they  habitually  go 
at  other  seasons,  nor  their  lines  of  route. 

The  other  right  whale  of  the  Southern  Hemisphere  is  the  pigmy 
whale  {Neobalcena  marginata),  a  species  peculiar  to  these  seas,  and 
only  growing  to  a  length  of  about  twenty  feet.  It  may  be  recognised 
by  its  white  "  bone."  Originally  described  in  the  '  Zoology  of  the 
Erebus  and  Terror*  by  Gray,  from  Western  Australia,  it  was  re-named 
by  him  on  the  evidence  of  specimens  from  New  Zealand,  and  has 
been  of  late  years  identified  by  Dr.  Moreno  *  on  the  Atlantic  side  of 
South  America.  Its  only  commercial  value  would  apparently  be  for 
its  oil,  and  of  this  there  would  be  no  great  amount. 

*  'An.  Mas.  La  Plata;  Seccion  Zoological  iii.  (18d5). 


ANTARCTIC  CETACEA.  207 

As  mentioned  above,  Mr.  Bull  records  numbers  of  rorquals  from 
the  Antarctic,  but  there  is  practically  no  definite  information  as  to 
the  species  to  which  these  belong.  It  is  true  that  the  name  Balcc- 
noptera  (or  Physalus)  atistrcUis  has  been  applied  to  one  of  the  larger 
forms  from  the  Southern  Hemisphere,  but  no  characters  have  been 
^ven  by  means  of  which  it  can  certainly  be  distinguished  from  the 
northern  species.  A  smaller  form  from  New  Zealand  has  been  named 
B.  huttoni  by  Gray,  but  its  right  to  distinction  from  the  northern  pike- 
whale  (B,  rostrata)  has  yet  to  be  demonstrated.  The  British  Museum 
possesses  the  tympanic  bones  of  a  large  rorqual  from  Magellan  Strait, 
and  a  second  from  Cook  Strait,  New  Zealand. 

Humpback  whales  (Megaptera)  are  known  to  range  into  the  Ant- 
arctic, and  specimens  from  New  Zealand  have  been  described  by 
Gray  as  M.  nova-zelandice,  while  the  Cape  form  has  received  another 
name  from  the  same  writer.  Sir  W.  H.  Flower  considered,  however, 
that  neither  of  these  are  separable  from  the  northern  M,  loops.  This 
view  is  provisionally  followed  by  Dr.  Moreno  t  when  recording  the 
occurrence  of  the  genus  in  Argentine  waters.  How  far  south  the 
humpback  ranges  is  at  present  unknown,  and  accurate  descriptions 
of  the  coloration  of  any  examples  seen  would  be  valuable. 

The  sperm-whales  of  the  South  seas  were  regarded  by  Gray  as  dis- 
tinct from  the  typical  Physeter  macrocephalus,  and  have  received  the 
names  of  P.  polycyphvs  and  Catodon  australis,  but  there  is  no  reason 
to  believe  in  the  existence  of  more  than  one  southern  form,  or  that 
this  is  really  different  from  the  northern  animal.  Information  with 
r^ard  to  the  southern  limits  of  the  range  of  the  sperm-whale  would 
be  most  valuable ;  also,  whether  there  are  any  large  old  males  now 
living  which  show  the  abrupt  truncation  of  the  muzzle  exhibited  in 
the  illustrations  to  Beale's  well-known  'Whaling  Voyage,'  and  in 
other  old  pictures.  Photographs  of  this  whale  when  "breaching" 
would  be  of  especial  interest. 

The  lesser,  or  short-headed,  sperm  whale  (Cogia  breviceps),  first 
described  by  Gray  in  the  *  Zoology  of  the  Brebtis  and  Terror,*  seems 
to  be,  in  the  main,  a  southern  form,  occurring  in  Australian  and 
South  African  waters,  although  it,  or  a  closely  allied  species,  has 
also  been  taken  at  Madras.  Very  little  is  known  as  to  the  external 
characters  of  this  species,  and  coloured  sketches,  photographs  and 
measurements,  would  be  most  valuable.  It  is  a  light-coloured  ceta- 
cean, growing  to  a  length  of  about  twenty  feet,  with  no  back  fin,  and 
a  full  series  of  teeth  in  the  lower  jaw  but  none  in  the  upper.  Whether 
it  ranges  into  the  Antarctic  is  not  known. 

t  Op-  cit. 
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The  bottle-nosed  whale  of  the  Southern  seas  was  described,  in 
1882,  by  Sir  W.  H.  Flower  as  a  distinct  species,  under  the  name  of 
Hyperoodon  planifrons,  on  the  evidence  of  a  battered  skull  from  the 
Dampier  Archipelago ;  and  Dr.  Moreno  *  has  shown  that  this  form 
is  a  perfectly  valid  species,  met  ^ith  on  both  sides  of  lower  South 
America.  Bottle-nosed  whales,  which  must  not  be  confounded  with 
the  dolphins  of  the  same  name,  grow  to  thirty  or  forty  feet  in  length, 
and  are  remarkable  for  the  great  elevation  of  the  forehead  of  the  old 
males  above  the  beak.  They  are  dju'k-coloured,  and  have  a  single 
pair  of  pointed  teeth  near  the  front  of  the  lower  jaw.  Information 
is  required  as  to  how  far  south  bottle-nosed  whales  occur. 

The  beaked  whales  of  the  sub-family  ZiphiinoB  appear  to  be  more 
numerous  in  the  seas  of  the  Southern  Hemisphere  than  elsewhere,  but 
how  far  towards  the  South  Pole  they  are  in  the  habit  of  wandering  is 
still  unknown,  although  three  species  have  been  recorded  as  occuring 
on  the  coasts  of  Patagonia.t  From  twenty  to  twenty-five  feet  is  the 
ordinary  length  of  these  whales,  which  are  generally  dark-coloured 
above  and  light  beneath.  As  their  name  implies,  they  are  distinctly 
beaked,  and  they  carry  a  back  fin.  They  have  one  (occasionally  two) 
pair  of  large  and  generally  compressed  teeth,  situated  about  the 
middle  of  the  lower  jaw;  and  these,  in  Mesoplodon  layardi  attain 
an  enormous  length,  growing  in  a  strap-like  form  right  across  the 
upper  jaw,  and  only  allowing  the  mouth  to  open  to  a  very  limited 
degree.  Ziphius  cavirostris,  Z,  chatamensis,  Mesoplodon  australis,  and 
the  aforesaid  M.  layardi,  are  the  best  known  Southern  types.  A 
desideratum  in  collections  is  Berardius  arnuxii,  typically  from  Chat- 
ham Island,  which  is  at  present  represented  in  the  British  Museum 
only  by  a  single  tooth.  One  of  the  features  of  the  genus  is  the  great 
basal  extent  of  this  tooth,  which  is  much  compressed.  As  none  of 
these  cetaceans  are  of  a  large  size — that  is  to  say,  comparatively 
speaking — no  great  difficulty  should  be  experienced  in  preparing  and 
storing  skeletons  of  any  examples  that  might  be  taken.  Photographs 
and  sketches  of  these  cetaceans,  in  the  flesh,  should  also  be  taken  if 
opportunities  occur. 

The  remarks  in  the  two  preceding  sentences  apply  with  equal 
force  in  the  case  of  the  dolphins  and  porpoises  found  in  the  Southern 
oceans,  of  which  our  knowledge  is  still  extremely  imperfect.  Any 
specimens,  with  authenticated  localities,  would  be  valuable. 

*  Op  eit.  t  Cf,  Moreno,  op.  cU. 
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XV. 
ZOOLOGY: 

SEALS. 
By  G.  E.  H.  Babbett-Hamilton,  B.A.  F.Z.S. 

(Copied  ftom  the  British  Museum  Beport  on  the  voyage  of  the  Soulhem  Cron,  by 
permission  of  the  Director  of  the  Natural  History  Museum). 

When  it  is  considered  how  frequently  sealing  and  whaling  vessels 
have  visited  the  Antarctic  and  how  heavy  has  been  the  toll  levied 
upon  the  marine  mammalia  of  those  regions,  it  is  astounding  how 
little  is  really  known  of  these  animals.  Leaving  out  of  the  question 
the  Sea  Elephant  (Macrorhintis),  whose  valuable  commercial  pro- 
perties made  it  the  object  of  a  pursuit  so  keen  that  it  seems  to  have 
been  well-nigh  wiped  out  of  existence,  we  find  four  species  of  true 
seals  represented  in  collections  from  the  Antarctic  These  are  the 
Crab-eating  or  White  Seal  (Lobodon  carcinophafftis),  Weddell's  Seal, 
or  the  False  Sea  Leopard  {Leptonychotes  weddeUi),  the  Sea  Leopard 
(Offmarhinus  Uptonyx),  and  Eoss'  Seal  (Ommatophoca  rossi).  All 
these  are  at  home  on  the  pack-ice  of  the  extreme  South  Polar  regions, 
probably  at  all  portions  of  its  area,  a  habitat  for  the  occurrence  in 
which  either  of  the  Sea  Elephant  or  of  any  species  of  Eared  Seal  we 
have,  I  believe,  no  evidence.  Three  of  them  are  not  confined  to  the 
pack-ice,  but  have  been  found  elsewhere.  The  single  exception  is 
Boss'  Seal.  No  other  species  has  ever  been  brought  from  the 
Antarctic,  and  it  is  highly  unlikely,  in  spite  of  certain  statements  to 
the  contrary,  that  any  remarkably  new  form  of  mammalian  life,  at 
least  among  the  Pinnipeds,  remains  there  undiscovered. 

Of  these  four  species  the  earliest  to  attract  the  attention  of 
zoologists,  and  perhaps  the  best  known  to  science  at  the  present 
day,  is  the  Sea  Leopard,  a  species  which  was  first  recognised  as 
distinct  by  de  Blainville  in  1820.  In  1822  appeared  the  first  notice 
of  Weddell's  Seal  in  the  shape  of  a  short  description  by  Professor 
Jameson  in  'Weddell's  Voyage  to  the  South  Pole,'  to  be  followed 

lij  its  correct  description  in  binomial  terms  by  Lesson  in  1826. 
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Next  in  order  comes  the  Crab-eating  Seal,  discovered  by  the  French 
expedition  in  1837-1840.  This  species  formed  the  subject  of  two 
plates  in  Jacqninet's  and  Pucheran's  'Zoological  Atlas,*  published 
some  time  between  1842  and  1844.  Lastly  Eoss*  Seal  was  discovered 
by  Sir  James  Clarke  Eoss  during  his  voyage  of  1839-1843,  and 
described  by  J.  E.  Gray  in  his  account  of  the  '  Zoologj'  of  the  Voyage 
of  H.M.S.  JErehis  and  Terror/  published  in  1844.  Sir  James  Eoss* 
expedition  obtained  specimens  of  each  of  the  four  species,  and 
accordingly  Gray's  work  became  and  still  remains  the  standard 
description  of  them  all.  It  actually  contains  in  fact  the  first  written 
description  of  the  Crab-eating  and  of  Eoss'  Seal,  and  the  first 
intelligent  description  of  Weddell's  Seal. 

From  1844  until  the  nineties  practically  no  specimens,  except 
only  those  brought  home  by  sealers,  have  reached  our  museums,  and 
even  the  Challen^er^s  share  of  the  spoil,  although  fortunately  described 
by  Sir  William  Turner  in  1888,  reached  only  rather  meagre  propor- 
tions. 

It  is  not  surprising  then,  that,  while  we  actually  knew  nothing 
of  the  appearance  and  habits  of  any  of  the  four  species,  two  of  them 
(Weddell's  and  Eoss'  Seals)  might  until  a  year  or  two  ago  have 
claimed,  and  claimed  justly,  to  be  considered  amongst  the  rarest  and 
most  obscurely  known  of  all  mammals.  Of  the  latter  species,  in  fact, 
only  the  two  original  specimens  were  known  to  exist.  A  third  skin, 
the  skull  attached  to  which  has  disappeared,  is  preserved,  as  Professor 
D'Arcy  W.  Thompson  has  been  good  enough  to  inform  me,  in  the 
town  museum  at  Dundee. 

Very  welcome,  then,  were  the  specimens  brought  back  by  the 
Belgica  in  1899.  Although  not  numerous,  they  were  excellently 
preserved  and  carefully  labelled,  and  in  all  cases  the  sex  of  each 
specimen  had  been  ascertained.  I  count  it  a  distinct  privilege  to 
have  been  permitted  to  describe  and  study  the  first  scientifically 
procured  specimens  of  their  kind  which  have  reached  this  country. 
In  this  collection  all  four  species  were  represented,  and  the  four 
skulls  of  Weddell's,  and  two  of  Eoss'  Seal  which  formed  a  part  of  it, 
must  be  regarded  as  a  special  prize. 

The  Southern  Cross  collection,  like  that  of  the  Belgica,  contains 
specimens  (both  skins  and  skulls)  of  each  species,  the  greatest  rarities 
being  four  skins  and  skulls  of  Eoss'  Seal.  Weddell's  Seal  is  poorly 
represented  by  skulls,  but  numerously  by  skins ;  of  the  Sea  Leopard 
there  is  one  skin  and  skull,  and  about  fifteen  skins  and  skulls  of 
Lohodon,  It  is  most  unfortunate  that,  owing  to  the  unlucky  death  of 
Mr.  Nicolai  Hanson,  the  zoologist  to  the  expedition,  his  private  notes 
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have  been  lost.  This  and  the  fact  that  the  metal  labels  which  had 
been  attached  to  the  specimens  have  been  in  nearly  all  cases  corroded 
through  immersion  in  brine  detracts  greatly  from  the  importance  of 
what  would  otherwise  have  been  a  most  valuable  collection. 

HAsns,  Life-History,  etc. — It  may  be  said  with -truthfulness 
that  until  the  last  decade  of  the  nineteenth  century  we  knew  prac- 
tically nothing  of  the  habits  of  the  Antarctic  seals.  At  that  date, 
with  reviving  interest  in  the  exploration  of  the  South  Polar  regions, 
several  efforts  were  made  to  supplement  our  information  on  these 
snbjects,  so  that  at  the  present  time  our  knowledge,  although  far 
from  adequate,  is  no  longer  a  complete  blank.  I  have  thought  that, 
in  the  present  scrappy  state  of  our  knowledge,  it  is  better  to  give 
in  detail  the  observations  of  the  various  observers  than  to  attempt 
a  summary  which,  at  the  best,  would  need  almost  immediate 
revision. 

The  Antarctic  summer  of  1892-93  found  the  Scottish  whalers 

Diana,  Balasna  and  Active  in  the  neighbourhood  of  Joinville  Island 

and  Louis  Philippe  Land.     Mr.  W.  S.  Bruce,  who  accompanied  the 

Balctna  as  naturalist,  has  given  us  a  few  notes  on  the  seals  which 

he  observed.     These,  although  I  suspect  that  his  identification  may 

have  been  in  some  cases  mistaken,  are  graphically  written,  and  give 

OS  a  fair  picture  in  a  general  way  of  the  mammalian  life  of  the  Antarctic. 

Mr.  Bruce  found  all  four  species  on  the  pack-ice,  where,  "  loving 

the  sun,  they  lie  on  the  pack  all  day  digesting  their  meal  of  the 

previous  night,  which  had  consisted  of  fish  or  small  crustaceans,  or 

both.  .  .  .  All  the  seals  were  obtained  from  the  pack-ice,  in  bluest 

and  clearest  water.  .  .  .  The  present  generation  had  never  seen  man, 

and  at  his  approach  they  did  not  attempt  to  flee,  but  sui'veyed  him 

open-mouthed  and  fearful,  during  which  process  they  were  laid  low 

with  club  or  bullet.     Sometimes  they  are  so  lazy  with  sleep  that  I 

have  seen  a  man  dig  them  in  the  ribs  with  the  muzzle  of  his  gun, 

and,  wondering  what  was  disturbing  their  slumbers,  they  raised  their 

head,  only  too  quickly  to  fall  pierced  with  a  bullet.  .  .  . 

"...  In  December  all  the  seals  were  in  bad  condition,  thinly 
blubbered  and  grievously  scarred,  and  it  is  noteworthy  that  the 
females  appeared  to  be  as  freely  scarred  as  the  males.  During 
January  ^eir  condition  improved,  and  by  February  they  were 
heavily  blubbered  and  full  of  scars.  The  males  were  apparently  as 
numerous  as  the  females,  but  I  made  no  definite  statistics.  ...  By 
Febroaiy  the  embryo  is  well  developed,  gestation  probably  beginning 

in  December.  .  .  .  Almost  every  female,  towards  the  end  of  January 
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and  February,  is  with  young.  In  no  individual  did  I  find  more  than 
one  embryo.  ..." 

The  seals  showed  great  power  of  jumping  out  of  the  water.  On 
one  occasion  some  were  found  "  on  a  tilted  berg,  and  so  high  was  the 
ledge  above  the  level  of  the  water,"  that  Mr.  Bruce  relates,  that  the 
sealers  only  "  clambered  up  with  difficulty  and  secured  their  prey." 
He  has  seen  the  seals  "  rising  eight  or  ten  feet  above  the  sea,  and 
[they]  cover  distances  of  fully  twenty  feet  in  length." 

The  extraordinary  scars  and  wounds  observed  on  the  seals,  as 
described  by  Mr.  Bruce,  have  been  already  noticed  by  previous 
naturalists,  and  attributed  to  various  causes.  One  of  the  most 
fanciful  theories  ascribed  them  to  the  attacks  of  a  large  and  un- 
known terrestrial  carnivorous  inammal  corresponding  to  the  Polar 
Bear  of  Arctic  regions.  No  traces  of  any  such  mammal  have  been 
found  by  later  expeditions.  • 

These  scars  are  also  described  by  Mr.  H.  J.  Bull,  who  gained  his 
experiences  of  the  seals  in  1894-95  during  a  sealing  and  whaling 
trip  to  Victoria  Land.*  Mr.  Bull  states  that  "  nearly  one  half  of  the 
seals  captured"  exhibited  the  peculiar  scars  or  wounds.  These 
wounds,  which  were  in  some  cases  "  quite  fresh — ^in  fact  bleeding — 
are  not  found  about  the  necks  and  heads  of  the  animals,  but  about 
their  body,  more  particularly  the  lower  parts."  Their  peculiarity 
consists  in  their  great  length — "  up  to  twelve  inches,"  and  their  fre- 
quently parallel  arrangement  at  a  distance  of  "  about  one  inch  apart" 
Their  nature  and  appearance  as  described  above,  together  with  the 
fact  that  "the  wounded  seals  were  met  with  throughout  the  pack, 
consequently  in  many  cases  hundreds  of  miles  away  from  the  nearest 
land,"  are,  thinks  Mr.  Bull,  a  death-blow  to  the  theories  which  ascribe 
them  either  to  the  work  of  a  "  huge  land  mammal "  or  to  the  fight- 
ing of  the  males  in  the  breeding  season.  Far  more  likely  is  it  that 
they  are  caused  by  the  attacks  either  of  some  shark,  or,  more  pro- 
bably still,  by  the  Killer-whale,  a  cosmopolitan  cetacean,  with  a 
well-known  reputation  for  a  partiality  for  seal-flesh.  Mr.  Bull's 
opinion  is  strengthened  by  the  fact  "  the  scars  were  rarely,  if  ever, 
found  on  the  sea-leopju'ds,"  "as  if  the  size  of  this  animal  rather 
awed  the  mysterious  enemy  of  his  smaller  cousins."  Some  further 
observations  on  this  subject  have  been  made  by  Mr.  W.  G.  Bum 
Murdoch  in  the  work  quoted  in  footnote,  f 

*  *  The  Cruise  of  the  Antarctic  to  the  South  Polar  Regions.'  London,  1896.  See 
pp.  139  and  187  to  194. 

t  *From  Dundee  to  the  Antarctic:  an  Artist's  Notes  and  Sketohet  during  the 
Dundee  Antarctic  Expedition,  1892-93.    London,  1894. 
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My  own  experience  of  the  Northern  Fur  Seal  (Callotaria  ursina), 
and  its  apparent  apathy  in  the  water  when  in  close  proximity  to  its 
enemy,  the  Killer,  makes  it  seem  highly  probable  that  if  the  seals  of 
the  Antarctic  be  only  half  as  foolish  as  the  Fur  Seals — a  supposition 
which  seems  to  be  well-nigh  proved  by  the  ease  with  which  they 
allow  themselves  to  be  killed  by  man — then  many  would  easily  fall 
victims  to  the  Killers  or  sharks,  who  might  scar  many  more  than 
they  eat,  either  in  a  mere  spirit  of  wantonness,  or,  if  well  fed,  through 
sheer  half-heartedness  in  securing  their  prey.  It  is  significant  that 
Mr.  Bull's  experience  of  the  pack  was  gained  in  December  and 
January,  exactly  at  the  time  when  Mr.  Bruce  found  the  seals  heavily 
scarred,  but  improving  in  condition.  It  seems  probable  that  on  the 
pack  in  January  and  February  they  are  safe  from  their  enemies, 
whoever  they  be.  It  may  be  that  food  is  then  so  abundant  that 
there  is  no  need  to  leave  the  pack  for  the  purpose  of  obtaining  it, 
and  so  the  seals  escape  exposure  to  the  attacks  of  their  enemies.  It 
may  be  that  those  enemies  are  migratory,  as  the  Killer  is  said  to  be, 
and  have  already  betaken  themselves  to  other  regions.  At  all  events 
the  subject  is  well  worthy  of  further  attention. 

Besides  his  account  of  the  scars  observed  on  the  seals,  Mr.  Bull's 
most  interesting  statements  are  (for  a  naturalist)  the  fact  that,  while 
aU  four  species  were  observed  in  the  pack,  they  were  evidently  in  no 
great  numbers.     The  whole  catch,  in  fact,  reached  only  180  skins. 

Capt  C.  A.  Larsen,  of  the  Norwegian  whaler  Jason,  has  given  us 
a  few  notes  *  as  the  result  of  his  visits  to  the  regions  east  of  Graham 
Land  in  1892-93  and  1893-94.  At  some  places  seals  (the  species  is 
not  specified)  were  found  in  enormous  numbers,  especially  in  locali- 
ties "where  there  were  plenty  of  small  fishes  and  shrimps."  One 
hundred  and  twenty-five  Fiskerel,  killed  on  December  1st,  1893,  are 
described  as  being  "very  big  and  fat."  On  December  11th,  near 
Christensen  Island,  "  The  seals  lay  in  places  so  closely  packed  that 
we  had  to  make  circles  in  order  to  advance.  It  was  a  delightful 
sight  to  see  those  masses  of  animals,  most  of  which  proved  to  be 
youngsters  of  the  Fiskerel,  which  already  had  changed  hair;  they 
were  beautifully  fed,  and  looked  like  so  many  balls.  Here  and  there 
an  old  animal  was  amidst  the  youngsters.  The  seals  were  not  a  bit 
afraid  of  us;  on  the  contrary,  they  stretched  their  flippers  towards  us 
as  we  pelted  them.  .  .  .  There  must  have  been  here  abundant  food 
for  the  seals,  as  the  ice  was  everywhere  strewn  with  fishes  and  fish- 
bones.   When  I  opened  the  stomachs  of  the  seals  I  saw  them  filled 

•      •      •  •  • 

^  See  the  Oeographical  Journal,  vol  iii ,  January  to  June,  1894,  pp.  239  and  336 ; 
•ko  VOL  iT.,  1^.  833  to  344. 
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with  a  fish  which  has  a  white  flesh,  and  which  we  call  at  home  Kvit- 
ting  (Whiting),  and  also  with  sharp  bones. 

Like  other  explorers,  Capt.  Larsen  sometimes  found  dead  seals. 
**  In  one  of  the  valleys,"  near  Cape  Seymour,  Louis  Philippe  Land, 
"  many  dead  seals  were  seen,  one  of  which  also  was  almost  petrified, 
while  others  seemed  to  have  come  only  recently  here;  and  there  were 
corpses  in  which  the  fat  still  contained  some  streaks  of  blood." 

Monsieur  Bacovitza,  the  naturalist  of  the  Bdgica,  has. also  pub- 
lished some  highly  interesting  observations  on  the  seals  which  he 
encountered  in  the  pack-ice  in  the  neighbourhood  of  Palmer  Land 
in  the  same  region.  These  will  be  found  under  each  species.  Of 
special  novelty  are  the  description  of  the  appearance  and  strange  and 
unexpected  vocal  powers  of  Ommatophoca.  As  regards  food,  it  would 
seem  that  small  crustaceans  and  other  invertebrates  are  so  abundant 
that  the  life  of  all,  with  the  single  exception,  probably,  of  the  Sea 
Leopard,  consists,  except  in  the  breeding  season,  of  a  monotonous 
alternation  of  heavy  gorging  and  long  sleeps  during  the  digestion  of 
a  meal  which  needs  no  trouble  to  procure. 

Monsieur  Bacovitza  has  something  to  say  about  the  body  tem- 
perature, which,  as  in  the  case  of  the  Penguins,  he  found  remarkably 
low.  In  the  case  of  the  Seals  it  did  not  exceed  37°.  So  efficacious  is 
the  protection  against  the  cold  afforded  by  the  thick  layer  of  blubber 
which  underlies  the  skin  in  these  animals  that  the  carcase  of  a  seal 
killed  twenty-four  houra  previously  and  exposed  to  a  temperature  of 
20°  was  still  warm  interiorly. 

Of  his  experience  on  the  Southern  Cross  off  Victoria  Land  Mr. 
Borchgrevink  writes,  that  the  seals  "  encountered  in  the  pack  on  the 
southward  voyage  were,  as  they  always  have  been  found  in  the  Ant- 
arctic regions,  scarce.  ...  As  we  proceeded  southwards  the  number 
of  seals  basking  together  increased  considerably,  and  in  the  vicinity 
of  Coulman  Island  and  Cape  Constance,  in  Lady  Newnes  Bay,  we 
saw  as  many  as  300  together.  These  were  Weddell's  seals.  ...  In 
the  vicinity  of  Cape  Adare  seals  were  to  be  found  nearly  all  the 
winter,  either  on  the  ice  near  their  blow-holes  or  in  the  water  at 
these  holes,  which  they  managed  to  keep  open  in  Bobertson  Bay 
nearly  all  the  winter.  .  .  .  The  seals,  like  the  penguins,  provided  us 
with  fresh  food." 

It  is  obvious  that  we  are  still  in  sore  need  of  careful  and  detailed 
studies  of  the  life-history  of  each  species,  of  their  habits  during  the 
breeding  season,  and,  above  all,  of  the  circumstances  which  admit 
the  existence  side  by  side  of  four  species  each  distinct  enough  to 
form  a  separate  genus,  and  whose  very  dentition  differs  in  a  highly 
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remarkable  degree.  Such  marked  diversity  of  teetli  and  skull  cannot 
be  meaningless,  yet,  except  in  the  case  of  OgmorhintLs,  no  observer 
has  as  yet  laid  special  stress  upon  any  corresponding  divergences 
of  habits  or  life-history. 

Owing  to  the  unfortunate  death  of  Mr.  Hansen,  and  the  loss  of 
his  zoological  notes,  the  Southern  Cross  expedition  has  not  had  for 
one  of  its  results  any  striking  enrichment  of  our  knowledge  of  the 
habits  and  life-history  of  the  Antarctic  Phoddcc.  No  MS.  of  any 
sort  dealing  with  this  subject  has  been  placed  in  my  hands,  but 
Mr.  Borchgrevink  occasionally  mentions  seals  in  a  paper  read  before 
the  Royal  Geographical  Society.  These,  wherever  they  deal  with 
a  particular  species,  are  alluded  to  under  the  heading  of  that 
species.  The  more  important  general  notes  tell  us  that  seals  were 
scarce  in  the  pack,  increasing  in  numbers,  however,  as  the  ship  pro- 
ceeded southwards.  As  to  the  moult  of  the  seals  Mr.  Borchgre- 
vink remarks  (p.*  382),  "The  moulting  starts  on  the  back,  in  a 
straight  line  from  nose  to  tail." 

As  regards  migratory  movements,  if  any,  on  the  part  of  the  seals, 
we  have  practically  no  evidence  of  their  existence.  Mr.  Borchgre- 
vink's  remarks  certainly  do  not  lend  any  support  to  the  existence  of 
any  extensive  migration.  Any  observations  bearing  on  this  subject 
would  be  of  much  value. 

Dentition. — The  teeth  of  the  Phocidce  are  remarkable  for  the 
extreme  variety  which  they  display  in  the  various  genera.  In  most 
cases  dental  characters  present  the  most  distinct  features  of  animals 
which  are  externally  very  similar.  In  the  skin,  as  seen  in  museums, 
Leptonychotes  and  Lohodon  are,  but  for  their  colour,  diflBcult  to  sepa- 
rate; nothing  could  be  more  distinct  than  the  forms  of  their  respec- 
tive teeth.  It  is  evident  that,  whereas  the  needs  of  existence  do  not 
tend  towards  any  very  great  variety  of  bodily  shape,  the  food  of  the 
Phocidce,  or  the  method  of  securing  it,  may  be  so  varied  as  to  have 
induced  the  evolution  of  so  many  quite  distinct  types  of  dentition, 
the  production  of  which  postulates  great  plasticity  of  the  teeth.  The 
result  is  that  the  Phoddm  have  already,  by  their  teeth,  shown  them- 
selves to  be  on  the  road  to  division  into  groups  corresponding  with 
some  of  those  of  the  terrestrial  mammalia.  Thus,  while  Ogm^rhinus, 
with  its  sinuous  body  and  saw-like  teeth,  represents  the  most  specialised 
form  of  Pinniped  carnivore  on  a  large  scale,  Ominatophoca,  Erignathus 
and  Cystaphora  represent  more  general  feeders,  while  the  smaller 
eamivora  are  respresented  by  Plwca  hispida  and  P.  vi/tt/in«— resem- 
blances which  seem  to  suggest  all  sorts  of  possibilities  in  dual  evolu- 
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tion,  possibilities  of  the  rise  of  what  now  appear  to  be  homogeneous 
orders  of  mammalia  independently  and  in  di£ferent  regions,  just  as 
Dr.  Kiikenthal  believes  has  been  the  case  in  regard  to  the  whalebone 
and  toothed  whales. 

In  the  whole  zoology  of  the  Antarctic  Phoddcs  nothing  can  be 
more  remarkable  than  the  divergencies  in  the  shape  and  size  of  the 
cheek  teeth.  Side  by  side  on  the  South  Polar  pack-ice  occur  four 
genera,  Lobodon,  Offmarhinus,  OmmcUophoca  and  Leptonychotes.  Living 
the  same  life,  with  the  same  sources  of  food  around  them,  and  more- 
over, armed  with  the  same  number  of  teeth,  no  two  agree  in  any 
single  respect  in  the  form  and  pattern  of  the  individual  grinders.  In 
Ogmorhinus  there  is  found  the  most  formidable,  in  OmmcUophoca  the 
most  feeble  dentition  of  the  family ;  yet  the  feeble  development  of 
the  teeth  is  in  the  latter  supported  by  a  lamdoid  crest  far  exceeding  ' 
that  of  Lobodon  or  Leptonychotes.  Again,  while  Lobodon  seems  to  find 
necessary  for  its  existence  a  set  of  teeth  surmounted  by  perhaps  the 
most  complicated  arrangement  of  cusps  found  in  any  living  mammal, 
Leptonychotes  survives  on  the  same  ice-berg  with  the  help  of  a  simple, 
fairly  strong  dentition.  Lastly,  while  there  is,  so  far  as  is  known, 
little  individual  variation  in  the  three  remaining  genera,  in  Ommato- 
phoca  there  occurs  one  of  the  most  remarkable  instances  of  individual 
variation  in  mammalian  teeth  known  to  science.  Not  only  are  the 
size  and  the  number  of  the  roots  of  each  tooth  variablei,  but  the 
actual  number  of  teeth  in  any  particular  specimen  can  never  be  fore- 
told with  certainty. 

Few  things  can  be  more  certain  than  that  such  a  state  of  things 
as  I  have  here  described  cannot  be  meaningless.  Developments  like 
these  must  in  each  case  be  connected  with  habits  and  food,  which 
must  surely  differ  in  a  manner  corresponding  to  such  remarkable 
differences  of  structure.  This  supposition  is,  I  think,  supported  by 
the  fact  that,  as  already  stated,  there  are  to  be  found  amongst  the 
Antarctic  Phocidoe  resemblances  of  dentition  to  those  of  Northern 
seas.  Thus  it  might  be  suspected  that  the  resemblances  between  the 
teeth  of  Ogmorhinus  and  of  Phoca  hispida  is  not  altogether  without 
reference  to  similar  uses. 

With  a  view  to  approach  the  root  of  this  matter  I  have  examined 
with  some  care  all  the  available  accounts  of  the  habits  of  the  Ant- 
arctic PhocidcB,  Meagre  as  these  are  there  is  enough  in  them  to  afford 
me  some  assistance,  especially  in  the  writings  of  Monsieur  Bacovitza. 
Thus  the  fact  that  Ogmorhimis  is  alone  described  as  at  least  occasion- 
ally killing  and  eating  penguins,  and  that  it  accepted  as  food  the 
bodies  of  two  of  these  birds  thrown  overboard  from  the  Belgica,  is 
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certainly  in  conformance  with  the  formidable  cutting  teeth  and  mas- 
sively developed  cranial  crests  of  this  animal.    The  Sea  Leopard  may 
then  be  regarded  as  the  true  carnivore  of  the  group,  subsisting  on 
fish  (and,  when  they  can  be  obtained,  birds),  a  prey  which  need  both 
catching  and  holding.    For  such  a  r6le,  requiring  both  speed,  strength 
and  activity,  besides  teeth,  its  elongated  head  and  body  must  be 
eminently  suited.    The  three  remaining  genera  are  more  puzzling. 
In  their  case  no  difference  of  food  or  habits  had  until  recently  been 
recorded.    In  spite  of  this  I  felt  sure  that  the  differences  of  dentition 
must  be  correlated  with  differences  of  habit,  however  inconspicuous. 
In  Lobodon  and  Leptonydwtes  poorly  developed  cranial  crests  seem  to 
indicate  that  no  great  violence  of  jaw  action  is  needed,  a  character  in 
the  second  case  supported  by  the  feeble  dentition.     In  the  first  the 
teeth,  although  actually  not  of  feeble  size,  are  not  of  a  shape  which 
would  lend  itself  to  much  use  in  gnawing  and  grinding,  and  the 
small  extent  to  which  they  are  actually  worn  down  bears  this  out. 
It  is  then  not  easy  to  imagine  what  can  be  the  use  of  teeth  so  unique 
in  zoology.    Possibly  their  formation  may  be  explained  by  some 
words  of  Monsieur  Bacovitza.     This  naturalist's  account  of  the  feed- 
ing of  Lobodon  is  as  follows : — "  Les  Huphatcsia  ferment  sa  nourriture 
habituelle :  il  nage  la  bouche  ouverte  dans  les  bancs  de  ces  crustac^, 
i  la  fagon  des  baleines,  et  en  consomme  de  grandes  quantites."    On 
reading  these  words  I  was  at  once  struck  by  the  idea  that  the  teeth 
of  Lobodon  might  possibly  serve  the  animal  as  a  sieve  whereby  to  rid 
its  month  of  the  water  taken  in  with  the  Suphatisia,  somewhat  after 
the  manner  of  baleen  in  the  Balcenidce.    For  this  purpose  the  teeth 
seem  to  be  exactly  suited.   They  do  not  fit  closely,  but  alternate  with 
those  of  the  opposite  jaw,  so  that  the  cusps  form  a  perfect  sieve.     I 
believe  then  that  the  use  of  these  extraordinary  teeth  is  as  I  have 
suggested,  and  I  would  direct  the  attention  of  zoologists  who  visit 
the  Antarctic  in  the  future  to  what  appears  to  be  a  point  of  great 
interest  in  the  history  of  the  animal,  and  is,  I  believe,  a  hitherto 
unparalleled  function  for  the  teeth  of  a  mammal.     Even,  however,  if 
my  supposition  prove  to  be  incorrect,  attention  should  be  directed 
to  the  study  of  Lobodon,  with  a  view  to  throw  light  on  the  use  of  its 
teeth.    At  all  events,  if  extensively  used  for  mastication  they  would 
speedily  show  the  effects  of  wear  and  tear  in  a  far  more  conspicuous 
nuumer  than  they  actually  do. 

On  the  Antarctic  pack-ice  the  food  of  Leptonycliotes,  like  that  of 
Ifoiodon,  is  said  to  consist  of  Euphausia.  It  teeth  are  highly  different. 
I  suggest  that  the  form  of  the  simple  but  not  very  strong  teeth  of 
Ais  species  is  due  to  the  fact  that  it  is  not  confined  to  the  pack-ice, 
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and  in  other  regions  its  food  supply  is  derived  from  creatures  which 
need  some  holding,  yet  which  are  not  so  strong  or  active  as  those 
which  serve  to  nourish  Ogmorhinus,  The  external  shape  of  Leptony- 
chotcs  is  that  of  an  animal  fitted  for  rapid  motion  in  the  water,  so 
that  it  is  natural  to  suppose  that  fish  may  form  no  small  portion  of 
its  diet. 

Lastly,  we  have  Ommatophoca,  with  its  very  feeble  and  variable 
dentition,  yet  comparatively  strong  lambdoid  crest.  It  is  evident  that 
the  exact  number  of  its  teeth  is  not  of  importance  to  this  animal. 
Even  their  size  is  sufficiently  variable  to  admit  the  thought  that  the 
whole  dentition  is  little  used.  It  seems  to  me  highly  probable  that 
Ommatophoca  is  in  the  process  of  losing  its  teeth.  Its  food  is  soft, 
consisting,  according  to  Monsieur  Eacovitza,  of  large  cephalopoda. 
Such  crushing  of  these  as  may  be  necessary  would  be  performed  as 
well  by  the  flat  jaws  as  by  cusped  teeth  like  those  of  the  Phocidce, 
Consequently  the  teeth  are  in  a  state  of  degeneration.  But  inasmuch 
as  the  large  size  of  the  cephalopods  entails  some  munching,  since  they 
could  hardly  be  swallowed  whole,  as  might  be  the  EuphaiLsia^  the 
muscles  which  move  the  jaws  are  necessarily  stronger  than  in  Lobodon 
or  Leptonychotes,  as  shown  by  the  fairly  strongly  developed  lamdoid 
crest.  This  supposition  agrees  very  well  with  that  which  I  have 
already  brought  forward  in  the  case  of  Lobodon.  In  the  case  of  Lobo- 
don the  teeth  are  highly  developed,  not  for  grinding  purposes,  but  for 
use  as  a  sieve.  In  Ommatophoca,  not  being  available  as  a  sieve,  they 
are  useless.  They  thus  fall  outside  the  influence  of  Natural  Selec- 
tion, except  in  so  far  as  their  reduction  may  be  of  use  to  the  species. 
Variation  and  enfeeblement  results,  a  process  which,  if  for  the  advan- 
tage of  the  animal,  will  no  doubt  be  carried  to  its  full  extent.  My 
supposition  is  supported  by  the  external  appearance  of  the  animal  as 
graphically  described,  I  think  for  the  first  time,  by  Monsieur  Eaco- 
vitza. It  is,  he  writes,  "  Le  plus  phoque  des  phoques,  car  chez  lui 
toute  forme  de  quadrupede  a  disparu.  Son  corps  n'est  plus  qu*un 
sac  fusiforme  pourvu  de  membres  tres  reduits,"  from  which  I  gather 
that  Eo9s*  Seal  does  not  possess  the  natural  appearance  which 
belongs  to  an  agile  carnivore  such  as  Ogmxrrhiniis* 

Leptonycuotes  Weddelli. 

External  Appearance, — This  species  seems  to  be  recognisable  rather 
by  its  negative  than  its  positive  characters.  Although  spotted,  it  is 
not  so  distinctly  or  abundantly  so  as  the  True  Sea  Leopard,  so  that 

*  See  also  Mr.  Borohgrevink's  description  of  his  supposed  new  species  of  Seftl  under 
Ommatophocck^  p.  223. 


SEALS.  219 

it  conies  in  this  respect  intermediate  between  that  species  and  Koss' 
Seal.  Moseley  described  the  specimen  which  he  killed  at  Kerguelen 
Island  as  "  very  like  the  common  British  seal  in  appearance.  It  is 
spotted  yellowish-white  and  dark  grey  on  the  back,  the  tender  surface 
being  of  a  general  yellowish  colour."  Monsieur  Racovitza  charac- 
terises it  as  possessing  "  a  pelage  gris-fer  mouchet6  de  taches  rondes 
de  couleur  jaune," 

In  build  this  seal  is,  judging  by  the  photographs  of  Dr.  Cook  and 
Monsieur  Eacovitza,  more  slender  than  Lobodon.  Monsieur  Racovitza 
states  that  it  is  larger  than  the  latter  species.  In  that  case  the  head 
should  be  proportionately  smaller.  It  is  relatively  longer,  more 
slender,  and  lacks  the  bluntness  of  Lobodon, 

Disting^mhing  Characteristics. — Both  the  skull  and  skeleton  of 
Weddell's  Sea  Leopard  have  been  described  in  detail  by  Sir  William 
Turner,  at  pages  20  to  28  of  his  report  on  the  seals  collected  by  the 
Challenger  expedition.  The  skull  has  neither  great  size  nor  remark- 
able teeth  to  mark  it  ofiT  at  a  glance  from  the  remaining  seals  of  the 
Antarctic  seas.  Yet  Lobodon,  which  is  of  very  similar  size,  is  the 
only  form  with  which  it  could  possibly  be  confused.  Even  here, 
however,  there  are  several  obvious  points  of  difference,  and  Leptony- 
choies  (apart  from  its  simple  teeth)  may  be  at  once  distinguished  by 
t-he  proportionately  greater  breadth  of  its  brain-case  and  the  high 
narrow  anterior  portion  of  the  skull,  as  well  as  by  the  shorter  palate. 
The  under  jaws  of  the  two  animals  are  also  characteristic,  that  of 
Lobodon  being  far  deeper,  stronger  and  more  massive  than  that  of 
Leptonychotes. 

Ogmorhinus. 

External  Appearance. — The  true  Sea  Leopard  justly  derives  its 
name,  since  it  bears  more  spots  upon  its  body  than  any  other  species. 
In  the  single  specimen  brought  home  by  the  Southern  Cross  the  spots 
extend  all  over  the  body,  and  Monsieur  Racovitza  says  that  the  colour 
of  the  coat  is  "  gris  fence,  mouchet^  de  taches  jaunes." 

The  animal  is,  however,  readily  distinguishable  by  the  great  size 
of  its  elongated  body.  The  longest  measured  by  Mr.  Bruce  attained 
to  a  length  of  over  thirteen  feet,  and  the  species  gained  the  name  of 
"  serpent "  from  the  sailors. 

As  regards  the  sexes,  Mr.  Bruce  makes  the  interesting  and  unex- 
pected statement  that ''  Dr.  Donald  also  noted  that  the  females  of  the 
larger  species  were  larger  than  the  males  " — a  statement  to  which 
I  would  draw  the  attention  of  future  explorers  as  well  worthy  of 
confirmation. 
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Distinguishing  Characteristics. — The  skull  of  the  true  Sea  Leopard 
needs  no  description.  It  is  well  known,  and  has  been  described  by 
Owen  in  the  Catalogue  of  the  Osteological  Museum  of  the  Royal 
College  of  Surgeons  of  London  (see  Nos.  3938  to  3941).  It  is  at  once 
distinguishable  by  two  characters  from  the  skull  of  any  other  living 
seal.  These  characters  are—(l)  the  great  length  of  the  large  skulj, 
and  (2)  the  powerful  teeth,  which  are  recognisable  at  all  ages  by 
their  large  proportions  and  the  peculiar  arrangement  of  the  cusps. 
Of  these  there  are  three,  placed  one  after  the  other  in  a  line  running 
parallel  to  the  long  axis  of  the  jaw.  The  apices  of  the  two  smaller 
and  outer  are  usually  recurved  towards  the  larger  central  cusp,  which 
itself  bears  a  recurved  apex.  In  addition,  it  should  be  noticed  that 
in  no  seal  of  the  Antarctic  are  the  lamdoid  and  sagittal  crest  so 
prominently  developed  as  in  this  species. 

LOBODON. 

External  Appearance, — Externally  the  Crab-eating  Seal  would 
appear  to  be  the  most  conspicuous  Antarctic  species,  as  the  names 
applied  to  it  by  the  various  explorers  indicate.  Thus,  Mr.  Bruce 
calls  it  "  the  Creamy  White  Seal,"  Mr.  Borchgrevink  styles  it  "  the 
characteristic  white  seal  of  the  Antarctic,"  and  Mr.  Bull  writes  of  it 
as  "  the  whitish-yellow  or  light  grey  seal  which  goes  imder  the  name 
of  the  white  Antarctic  seal,  though  it  is  never  found  of  such  white- 
ness that  it  cannot  readily  be  distinguished  on  the  ice-floes  "  (Op.  cit. 
p.  139).  Yet,  except  that  we  may  be  certain  that  it  is  at  all  ages  of 
far  lighter  coloration  than  any  of  the  other  three  species,  we  are  as 
yet  in  some  doubt  as  to  its  exact  hues  and  their  arrangement — doubt 
which  can  only  be  dispelled  when  a  detailed  destyiption  of  the  animal 
taken  from  specimens  still  in  the  flesh  by  a  competent  naturalist  is 
forthcoming.  Meanwhile  it  may  be  well  to  compare  the  various 
descriptions  which  have  reached  us.  The  original  was  as  follows : — 
"  P^age  bnin  oUve,  parsem^  qs.  et  1^,  en  dessus,  aussi  bien  qu'en  des- 
sous,  de  grandes  plaques  de  couleur  jaunatre,"  a  description  borne  out 
by  the  plate  (No.  10),  in  which,  however,  the  animal  is  represented 
as  having  the  nose  white.  Mr.  Bruce,  on  the  other  hand,  writes  of 
**  a  darker  dorsal  stripe,"  contrasted  with  the  "  creamy  white  "  general 
body  colour.  The  skins  of  all  ages  collected  by  the  Belgica  are  nearly 
white,  with  only  indistinct  traces  of  mottling.  In  life  they  were,  to 
once  more  quote  Monsieur  Eacovitza,  "  d*un  blanc  pelucheux  k  reflet 
verd§,tre."  Lastly,  the  skins  brought  homo  by  the  Southern  Cross 
show,  as  far  as  I  could  ascertain  by  an  examination  of  them  while 
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in  salt,  a  considerable  indication  of  indistinct  spots  or  mottling,  a 
character  which  is  quite  borne  out  by  the  specimens  in  the  British 
Museum.  Immature  skins  amongst  these  exhibit  a  considerable 
amount  of  mottling,  and  I  strongly  suspect  that  the  Crab-eating 
Seal  is  one  of  those  species  the  young  of  which  shows  traces  of  spots 
which  are  gradually  lost  as  the  animal  grows  older. 

Dr.  Cook's  photographs  seem  to  show  us  in  Lobodan  an  animal 
somewhat  intermediate  in  its  proportions  between  Leptoiiyckotes  and 
Ommatophoca.  Both  head  and  body  are  thicker  and  blunter  than  in 
the  former,  but  not  so  thick  and  blunt  as  in  the  latter  form.  The 
long  flat  anterior  portion  of  the  skull  has  a  distinct  effect  on  the 
physiognomy. 

DistinguishiThg  Characteristics. — The  skull  of  this  species  is  well 
known,  so  that  a  detailed  description  is  uncalled  for.  Although  not 
possessing  the  enormous  dimensions  of  that  of  Ogmorhinus,  it  may 
be  at  once  distinguished  at  all  ages  from  that  of  any  other  species  by 
the  peculiar  cheek-teeth.  These  are  both  large  and  remarkable  for 
the  complicated  arrangement  of  cusps  in  which  they  terminate 
superiorly.  As  in  Offmorhinus,  there  is  a  principal  central  cusp,  but 
this  is  supported,  not  by  two  others,  one  anteriorly,  the  other  poste- 
riorly, but  by  one  quite  small  cusp  anteriorly,  and  by  from  one  to 
three  posteriorly.  The  central  cusp  is  far  larger  than  the  remainder, 
and  its  apex  is  usually  bulbous ;  all  have  a  tendency  to  point  back- 
wards. In  addition  to  these  dental  characters,  the  skull  of  this 
species  differs  from  the  somewhat  similarly  sized  Leptanyehotes  in  its 
longer  palate,  and  longer,  broader,  anterior  portion,  as  well  as  in  the 
shape  of  the  lower  jaw.  This  is  in  Lobodon  far  deeper,  stronger,  and 
more  massively  built  than  in  Leptanyehotes, 

Ommatophoca. 

Didrihution. — Although  probably  poorer  in  numbers  than  the 
other  three  species,  Ross*  Seal  is  thus  shown  to  have  a  fairly  wide 
distribution,  having  been  found  (excluding  Eoss'  own  specimens,  the 
locality  for  which  is  uncertain),  so  far  as  we  know,  in  all  cases  on 
the  pack-ice  in  the  neighbourhood  of  Joinville  Island  and  Louis 
Philippe  Land  (Bruce),  west  of  Alexander  Land  (Belgica),  and  in  the 
neighbourhood  of  Victoria  Land  (Southern  Cross). 

Habits, — Of  the  habits  of  Eoss'  Seal  practically  nothing  was  known 
mitil  the  publication  of  Monsieur  Eacovitza's  interesting  notes.  As 
has  been  already  stated,  that  naturalist  found  it,  like  Weddell's,  the 
White  Seal  and  the  Sea  Leopard,  an  inhabitant  of  the  pack-ice,  where 
it  feeds  exclusively  on  large  cephalopods. 
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The  most  novel  observation,  however,  is  that  which  has  regard  to 
its  voice,  which  is  said  to  be  very  curious.  The  sounds  which  it  emits 
are  very  varied.  "  Son  larynx  fortement  gpnfl^  constitue  une  caisse 
de  r&onnance,  et  le  voile  du  palais  tr^s  d^velopp^,  distendu  par  de 
Fair,  constitue  h,  Tanimal  ime  sorte  de  comemusa  On  entend  d'abord, 
chez  la  bete  irritee,  une  sorte  de  roucoulement  de  tourterelle  enroude, 
auquel  succ^de  le  gloussement  d'une  poule  affol^e  de  terreur,  et  la 
finale  c'est  un  reniflement  sans  harmonic  produit  par  I'air  violem- 
ment  expuls6  par  les  naries." 

External  Appearance. — As  in  the  case  of  the  other  species,  the 
exact  details  of  the  coloration  of  Ommatophoca  are  still  very  imperfectly 
known.  Gray's  plate  tells  us  very  little.  In  his  written  description 
of  the  type-specimen  he  stated  that  the  colour  was  "  greenish-yellow, 
with  close  oblique  yellow  stripes  on  the  side,  pale  beneath."  The 
present  coloration  of  the  skin  I  should  describe  as  being,  as  nearly 
as  possible,  olive  above,  shading  gradually  into  tawny  olive  beneath, 
with  regions  of  lighter  yellowish  shades  on  the  breast  and  neck. 
There  is  no  very  distinct  line  of  demarcation  between  the  colours  of 
the  upper  and  under  surfaces ;  neither  are  there  many  spots.  The 
"stripes"  described  by  Gray  are,  however,  present  at  about  the 
place  where  a  line  of  demarcation  might  be  expected  to  occur.  On 
the  flanks  they  occur  as  streaks  of  the  colour  of  the  under  surface, 
having  a  breadth  of  about  a  quarter  of  an  inch,  which,  running 
obliquely  forwards,  invade  the  colour  of  the  upper  surface.  Occa- 
sionally, in  places  where  the  streaks  are  interrupted,  a  spot  or  two  is 
formed.     Otherwise  the  creature  is  spotless. 

Mr.  Bruce,  in  his  very  brief  allusion  to  the  coloration  of  this 
species,  makes  no  mention  of  these  streaks,  but  merely  compares  it 
with  the  Crab-eating  Seal,  adding,  that  its  coat  is  **  somewhat  sleeker, 
of  a  beautiful  pale  mottled-grey  colour,  darker  on  the  back  and  lighter 
on  the  belly,  and  varying  in  intensity  in  different  individuals."  The 
streaks  are  so  well  represented  in  the  reproductions  of  Dr.  Cook's 
photographs,  published  both  in  his  own  book  and  in  Monsieur  Eaco- 
vitza's  paper,  that  I  cannot  help  regarding  them  as  highly  character- 
istic of  the  species.  Mr.  Bruce  compares  Ommatophoca  with  Lohodon, 
which,  he  states,  that  "  in  form  and  size "  it  is  "  very  like."  This 
remark  about  an  animal  which  has  been  described  by  Monsieur 
Eacovitza  in  such  vivid  language  as  so  highly  distinct  from  all  the 
other  species  makes  me  suspect  that  Mr.  Bruce  may  have  been  mis- 
taken in  his  identification  of  Boss'  Seal. 

Unfortunately  no  skins  of  Ommatophoca  were  entrusted  to  me 
for  examination  by  Monsieur  Bacovitza.    The  four  skins  secured 
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by  Mr.  Hanson  are  still  in  salt,  and  not  in  a  condition  suitable  for 
description. 

From  the  description  of  Monsieur  Racovitza,  Ommatophoca  would 
appear  to  be  of  very  remarkable  form.  It  is,  he  says,  "le  plus 
phoque  des  phoques,  car  chez  lui  toute  forme  de  quadruple  a  dis- 
paru.  Son  corps  n'est  plus  qu*un  sac  fusiforme  pourvu  de  membres 
tres  reduites" — a  description  completely  borne  out  by  Dr.  Cook's 
photographs,  as  well  as  by  Mr.  Borchgrevink's  note  (Op.  and  loc. 
cit),  that  the  body  of  the  first  specimen  of  this  supposed  new  species 
"  was  not  unlike  that  of  the  ordinary  seal,  but  the  neck  was  of  more 
than  ordinary  thickness,  and  under  the  chin  it  extended  to  a  great 
round  muscular  purse.  The  head  was  short  and  broad,  the  eyes  large 
and  protruding,  and  the  mouth  short.  The  eyes  were  somewhat 
slanting.  It  had  six  front  teeth  in  tlie  upper  jaw,  two  in  the  under 
jaw,  but  no  back  teeth.'*  The  four  skins  brought  home  by  the  Belgica 
are  those  of  an  animal  distinctly  smaller  than  the  other  three  species. 
Their  total  length,  measured  from  the  tip  of  the  nose  to  that  of  the 
tail,  reaches  only  from  four  feet  four  inches  to  four  feet  ten  inches. 
The  thick  and  hairy  tail  presents  no  characteristic  features,  having  a 
length  of  about  four  inches.  The  flippers,  as  in  the  other  species, 
are  completely  covered  with  hair.  They  are  distinctly  smaller  than 
those  of  Ijobodon  or  Leptonychotes.  The  fore-flippers  carry  five,  the 
hind  two  to  five  (in  the  latter  case  rudimentary)  claws.  The  greatest 
lengths  are,  for  tlie  fore-flippers  nine  to  twelve  inches,  for  the  hind 
ten  to  twelve  inches.  It  is  due  to  those  who  have  worked  only  at 
the  type  skin  to  say  that,  like  them,  in  examining  it,  I  have  com- 
pletely failed  to  find  any  traces  of  claws  on  the  hind-flippers. 

Distiriguislung  CJiaractcristics. — The  skull  of  Eoss'  Seal  cannot 
possibly  be  confounded  with  that  of  any  other  living  Pinniped.  Its 
nearest  resemblances  lie  with  Cystophora  cristata,  Erxleben,  of  Arctic 
waters.  In  general  size  it  about  equals  that  of  Leptonychotes,  and  is 
sUghtly  smaller  than  that  of  Lohodon.  Here  the  resemblance  ceases. 
The  feeble  dentition,  broad  interzygomatic  and  short  naso-palatal 
regions,  together  with  the  vertical  inclination  of  the  nares,  at  onc^i 
mark  its  distinctness. 

Sex. — The  sex  of  Eoss'  specimens  is  unknown.  Both  those  col- 
lected by  the  Belgica  were  females.  Since  one  of  the  known  females 
is  the  largest  skull  of  the  four,  and  there  are  no  apparent  differences 
in  the  size  of  the  teeth,  I  see  no  way  of  telling  the  sex  of  the  two 
nnknown  skulls.  Neither  can  the  one  unknown  female  amongst  the 
skulls  brought  home  by  the  Southern  Gross  be  certainly  indicated — 
unless,  indeed,  it  be  Na  1,  which,  although  distinctly  adult,  is  the 
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smallest  skull  of  the  eight  known.  All  things  considered,  it  is  evi- 
dent that  there  can  be  no  striking  differences  between  the  sexes  of 
this  seal,  and  it  is  as  likely  as  not  that  differences  of  size  represent 
age  and  not  sex. 

Dentition. — Undoubtedly  a  great  deal  of  the  interest  aroused  by 
Ommatophoca  centres  in  its  dentition,  owing  to  the  remarkable  varia- 
tions shown  by  the  different  skulls  as  yet  examined.  On  this  account 
it  is  hoped  that  as  large  a  number  of  skulls  as  possible  will  be  obtained 
by  the  present  Expedition,  and  that  especial  care  will  be  given  to  their 
sexing.  No  number  of  sexed  skulls,  of  whatever  age,  can  be  too  great 
to  be  of  value,  for  the  present  is  a  particularly  importsmt  animal  to 
students  of  variation,  and  for  the  proper  study  of  its  eccentricities  in 
dentition  very  large  series  are  required. 
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ZOOLOGY: 

BIRDS, 
By  Howard  Saunders,  F.L.S.  F.Z.S.  F.RG.S. 

In  giving  a  short  account  of  the  Birds  of  the  South  Polar  regions, 
it  has  seemed  advisable  to  begin  by  according  prominence  to  those 
species  which  are  known  to  occur  within  the  Antarctic  Circle,  and 
thence  enlarge  the  radius  northwards  to  lat.  60^,  or  even  a  little 
beyond,  so  as  to  include  many  other  inhabitants  of  the  Southern  seas. 
It  is  true  that,  by  the  adoption  of  this  plan,  scientific  arrangement  is 
subordinated  temporarily  to  convenience  of  treatment,  but  this  irre- 
gularity can  be  rectified  by  giving  a  systematic  list  in  an  Appendix, 
with  cross-references  to  the  earlier  portion.* 

The  Penguins  seem  to  be  the  most  characteristic  birds  of  the 
Antarctic  regions,  and,  as  r^ards  dimensions,  the  most  remarkable 
of  these  is  the  gigantic  Emperor  Penguin  {Aptenodytes  forsteri),  the 
weight  of  which  ranges  from  57  lbs.  to  78  lbs.  This,  and  the  Addlie 
Land  Penguin  (to  be  mentioned  hereafter),  are  the  only  members  of 
the  family  which  inhabit  the  seas  within  the  Antarctic  circle  during 
that  part  of  the  year  which  is  called  summer;  the  Emperor  Pen- 
guin, therefore,  ranges  much  further  to  the  Southward  than  does 
its  handsomer,  but  smaller  congener,  the  Eang  Penguin  {Aptenodytes 
jaiaganiea).  Examples  of  the  Emperor  Penguin  were  taken  on  the 
expedition  of  the  Erdms  and  Terror  as  far  south  as  lat.  78^,  off 
Victoria  Land,  where  the  Southern  Cross  expedition  has  recently 
obtained  specimens ;  and  Wilkes  secured  a  single  individual  at  Pea- 
cock Bay,  in  Qb""  55'  S.  and  151^  18'  E.,  which  is  not  very  far  from 
Addlie  Land,  where,  however,  Dumont  d'Urville  does  not  seem  to 
have  observed  the  species.  From  the  area  known  as  Enderby's  Quad- 
rant it  has  not  yet  been  recorded.  Soss,  on  his  third  attempt  at  the 
South  Polar  regions,  found  the  Emperor  Penguin  in  considerable  num- 

*  Hm  MmM  of  the  speoiea  fonnd  within  the  Antarctic  Circle  are  printed  in  smaU 
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bers  in  the  vicinity  of  Louis  Philippe  Land  and  Joinville  Island,  about 
63°  36'  S.  and  54°  W.,  at  the  end  of  December  1842,  On  January  2nd, 
1843,  an  example  weighing  68  lbs.  was  obtained  at  Cockbum  Island, 
and  from  a  remark  made  by  Dr.^McCormick,  Surgeon  to  the  Erebus^ 
it  might  be  inferred  that  there  was  a  *  rookery '  of  this  species,  as  well 
as  the  undoubted  one  of  the  smaller  and  very  plentiful  Adelie  Land 
Penguin,  but  Boss  would  not  allow  McCormick  to  land  and  explora 
In  1892-3  the  Dundee  whalers,  BcUcena  and  Active,  as  well  as  Capt. 
Larsen,  of  the  Norwegian  s.s.  Jason,  obtained  specimens  in  that  area, 
and  the  Belgian  expedition  in  the  Belgica  brought  back  three  examples 
from  about  70°  S.  and  between  82°  and  97°  W.,  in  the  ice  pack. 

So  far,  therefore,  as  present  knowledge  goes,  the  Emperor  Penguin 
ranges  longitudinally  from  151°  K  in  Victoria  Quadrant,  through 
Boss  Quadrant,  and  to  about  50°  W.  in  Weddell  Quadrant.  In  the 
stomachs  of  examples  obtained  were  the  beaks  of  large  cuttle-fish, 
schizopods,  crustaceans,  fish-bones  and  pebbles.  Nothing  definite  is 
known  of  the  breeding-place  of  the  Emperor  Penguin,  but  in  the 
collection  of  Mr.  J.  H.  Walter,  of  Drayton  House,  Norwich,  there  is 
an  egg  which  is  decidedly  larger  than  the  well-known  egg  of  the 
King  Penguin ;  it  was  purchased  by  his  father  about  half-a-century 
ago,  and  has  no  further  pedigree  than  '  Antarctic  regions,'  and  its 
appearance.  Great  pains  have  been  taken  to  find  any  clue  to  a 
breeding-place,  but  unsuccessfully. 

The  King  Penguin  {A.  pataganica)  has  not  been  recorded  within 
the  Antarctic  circle,  but  mention  of  it  in  this  place  seems  expedient, 
because  it  is  the  only  other  member  of  the  genus  Aptenodytes,  and 
has  even  been  confused  by  some  ornithologists  with  its  larger  relative 
noticed  above.  Weddell  found  the  King  Penguin  breeding  on  South 
Georgia  Island,  and  he  describes  the  beauty  of  its  plumage  just  after 
the  moult,  as  well  as  the  way  in  which  the  bird  carries  its  single  egg 
in  a  pouch  situated  between  its  legs  and  tail ;  while  Pagenstecker  and 
Steinen,  in  their  accounts  of  the  German  Expedition  in  1884-5,  have 
given  later  and  fuller  details  with  illustrations  of  the  young  in  down. 
The  King  Penguin  visits  Tierra  del  Fuego  and  the  south-eastern 
portions  of  the  Straits  of  Magellan,  as  well  as  the  Falkland  Islands, 
though  it  is  no  longer  known  to  breed  there ;  while  eastward,  Moseley 
found  it  incubating  on  Marion  Island,  it  is  plentiful  in  the  Crozets, 
and  it  undoubtedly  breeds  on  Kerguelen  and  Heard  Islands.  Moseley's 
description  of  its  habits  on  Marion  Island,  and  Hazard's  photograph* 
taken  on  Kerguelen,  fully  confirm  Weddell's  statement  as  to  the 
manner  in  which  the  egg  is  carried.     Still  further  east,  the  King 

♦  Auk,  1894,  p.  280,  pi.  viii. 
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Pengnin  has  been  recorded  from  the  Stewart  and  Snares  Islands,  off 
New  Zealand,  and  as  far  south  as  the  Macquarie  group,  so  that  its 
range  is  £eur  wider  than  that  of  its  congener. 

These  two  species  may  be  easily  distinguished  from  any  other 
Penguins  by  their  size,  as  well  as  by  the  slender  shape  of  their  bills, 
which  are  decurved  at  the  tip.  In  both  species  the  general  colour  of 
the  upper  parts  is  bluish  grey,  but  in  the  Emperor  a  yellow  semi- 
circular patch  on  each  side  of  the  head  shades  into  white  on  the 
throat,  whereas  in  the  King  orange-yellow  bands  on  the  sides  of  the 
neck  join  the  orange  on  the  throat  to  leu^e  yellow  patches  on  each 
side  of  the  nape. 

By  far  the  most  abundant  species  within  the  Antarctic  circle  is 
the  smaller  blunt-billed  Ad£lib  Land  Penguin  (Pygoscelis  addice), 
named  after  the  place  of  its  discovery.     This  is  the  black-headed 
species  found  in  immense  'rookeries'  on  Victoria  Land  and  Ad^e 
Land,  as  well  as  in  the  area  round  Louis  Philippe  and  Graham  Lands, 
and  at  the  South  Shetland  Islands.    Near  Cape  Adare  the  first  young 
were  hatched  on  the  9th  December  and  the  latest  in  January,  while 
by  the  2nd  February,  when  the  Southern  Cross  left,  most  of  the 
young  had  emerged  from  the  downy  stage.    The  naturalists  who 
accompanied  the  Dundee  whalers  in  1892-3  speak  of  this  as  by 
far  the  most  abundant  species  near  Graham  Land.    Its  range  does 
not  appear  to  extend  far  to  the  north  of  the  Antarctic  circle,  and 
it  has  not  been  recorded  from  the  Falklands,  South  Greorgia  Island, 
or  further  eastward,  to  the  north  of  lat.  60^  S.,  at  any  time  of  the 
year.     Northward  of  lat.  63®  S.  its  place  seems  to  be  taken  by  a 
slightly  smaller  Penguin  with  a  white  band  across  the  crown,  the 
•  Gentoo '  of  the  Falklands,  and  the  '  Johnny '  of  sealers  (Pygoscelis 
jNtpua),  which,  like  the  King  Penguin,  extends  its  range  far  east^ 
ward,  being  found  at  Marion  Island,  where  Moseley  described  it, 
and  in  numbers  on  Kerguelen  and  Heard  Islands ;  also  at  the  Mac- 
quarie group,  in  lat.  55"^,  to  the  south  of  New  Zealand.    A  third 
member  of  this  genus,  the  Einged  or  Bridled  Penguin  (P,  antardica), 
teems  to  be  restricted  to  the  seas  between  Louis  Philippe  Land, 
Graham  Land,  the  Falklands  and  South  Georgia,  while  it  is  not 
known  to  be  numerous  anywhere. 

None  of  the  Crested  Penguins  (Catarrhactes)  are  known  to  breed 
in  the  South  American  area  to  the  southward  of  the  Falklands  and 
Saatk  Georgia.  In  these  the '  Gorf  oo,'  or '  Rock-hopper '  (  G.  chrysocome), 
18  foond :  a  bird  which  has  a  very  wide  range,  passing  by  the  Tristan 
da  Conha  group  to  the  Cape  Seas,  the  Marion,  Crozet,  Kerguelen  and 
8k  Paul  Islands,  South  Australia,  and  the  New  Zealand  waters  as 
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far  as  Campbell  Island,  in  52®  33'  S. ;  while,  according  to  Dr.  Meyer, 
it  has  once  wandered  to  Java.  Another,  the  'Macaroni  Penguin' 
{C.  chrysolophtLs),  comes  within  the  limit  of  mention,  inasmuch  as  it 
breeds  on  South  Georgia,  where  it  begins  to  lay  in  the  last  days  of 
October  (Steinen),  which  is  very  early  for  any  species  of  Penguin ;  it 
also  propagates  in  the  Falklands,  and  eastward  on  the  Prince  Edward 
and  Marion  group,  Kerguelen  and  Heard  Islands.  A  third  and 
closely  related  species  of  this  genus  is  C.  sdUegeli,  confined  to  the 
New  Zealand  seas,  as  far  south  as  the  Macquarie  Islands,  Mega- 
dyptes  antipodum,  another  crested  species,  also  reaches  as  far  as 
Campbell  Island.  The  small  Penguins  of  the  genus  Evdyptula,  of 
Australian  and  New  Zealand  waters,  are  far  north  of  my  limit.  Of 
the  genus  Spheniscus,  which  is  restricted  to  the  seas  of  South  Africa 
and  South  America,  only  the  'Jackass  Penguin'  {S.  magdlanicus) 
deserves  mention,  because  it  breeds  on  South  Georgia  and  the  Falk- 
lands. The  distinctive  characters  of  these  species  on  the  edge  of  the 
limit  are  given  in  the  Appendix. 

Passing  to  the  widely  distributed  family  of  the  Petrels  {Tubinares), 
we  find  Wilson's  Stobm  Petrel  (Oceanites  oceanicus)  among  the  few 
species  which  occur  within  the  Antarctic  circle.  This  bird  is  not 
much  larger  than  our  familiar  *  Mother  Carey's  Chicken,'  from  which, 
as  from  any  other  of  the  small  blackish  Petrels,  it  can  be  distinguished 
by  its  unusually  long  legs,  and  the  bright  yellow  colour  of  the  webs 
between  the  toes.  It  was  observed  by  Dr.  McCormick  hovering,  like 
a  swallow  or  martin,  over  the  mast-heads  of  the  Erelms  when  in  the 
pack;  and,  on  the. third  attempt  to  go  Southwards,  examples  (now 
in  the  British  Museum)  were  obtained  ofif  Louis  Philippe  Land,  in 
January  1843.  These  birds  were  evidently  incubating  at  no  great 
distance,  as  their  breasts  were  bare  of  feathers.  Surgeon  Webster,  of 
H.M.S.  Chanticleer y  refers  to  the  abundance  of  this  species  at  Decep- 
tion Island,  one  of  the  South  Shetlands ;  and  I  venture  the  surmise 
that  this  may  be  the  small  Petrel  which  the  German  expedition 
found  breeding  at  the  end  of  December  1882,  on  South  Georgia,  and 
which  is  called  0.  nidanogaster  by  Steinen.  The  Belgica  obtained 
specimens  in  Gerlache  Strait  in  January  1898,  as  well  as  in  the 
pack  at  about  70°  S.  and  87°  W.,  in  January  1899.  The  Challenger 
Expedition  secured  several  off  the  ice-barrier  in  February  1874,  and 
examples  were  obtained  on  the  SoidJiern  Cross  expedition  between 
63°-66°  S.  and  161°-166°  E.  The  first  breeding-place  definitely 
made  known  was,  however,  in  Kerguelen  Island,  where  the  bird  was 
discovered  by  the  Rev.  A.  E.  Eaton,  the  naturalist  to  the  Transit  of 
Venus  expedition,  in  1874-5.    He  found  the  single  egg  belonging  to 
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each  pair  of  birds,  laid  in  January  or  February,  in  some  crevice  or 
hole  among  shattered  rocks  or  large  boulders ;  the  egg,  as  usual  with 
the  Petrels,  being  of  a  dull  white  colour,  with  minute  purplish-red 
spots  tending  to  form  a  zone  at  the  broader  end :  measurements,  1 '  3 
by  '9  in.  Subsequently,  Mr.  R  Hall  has  contributed  some  interest- 
ing details  on  the  breeding  of  this,  as  well  as  other  species,  on  Ker- 
guelen.*  Both  sexes,  he  says,  take  turns  at  incubation,  and  about 
8  p.m.  the  'night-shift'  comes  in  from  the  sea  to  go  on  duty,  when 
the  relief  is  marked  by  loud  croakings ;  and  few  birds  are  to  be 
seen  over  the  land  in  the  day-time.  After  the  breeding-season 
Wilson's  Petrel  wanders  widely ;  and,  owing  to  the  fact  that  it  has 
been  often  observed  on  the  coasts  of  Western  Europe,  including  the 
British  Islands,  as  well  as  on  those  of  America  up  to  Labrador,  some 
ornithologists  have  assumed  that  it  bred  on  the  islands  of  the  North 
Atkmtic  Of  this  there  is  not  the  slightest  proof;  on  the  contrary, 
some  of  the  birds  obtained  between  the  spring  and  autumn  of  our 
Northern  Hemisphere  are  in  moult. 

Specimens  of  all  the  small  Petrels  are  much  wanted,  and  no  oppor- 
tunity of  obtaining  them  should  be  wasted.  If  the  vessel  should  be 
going  slowly  through  the  water,  long  threads  trailing  from  the  taSrail 
and  slightly  weighted  at  the  end  by  a  bit  of  sennit  or  soda-water 
bottle-wire,  are  very  successful  in  causing  an  'entanglement,'  and 
when  the  birds  have  been  identified  and  the  latitude  and  longitude 
recorded,  they  can  be  liberated,  if  not  required.  It  is  only  in  this 
manner  that  any  definite  knowledge  can  be  obtained  of  the  areas 
visited  by  these  wandering  species. 

Passing  to  the  large  family  which  comprises  the  stouter  Petrels, 

known  as  the  Puffinidse,  among  the  speeies  especially  characteristic 

of  the  Antarctic  seas  is  the  snow-white  Ice  Petrel,  Pagodroma  nivea^ 

with  satin-like  plumage,  jet-black  eyes  and  bill,  and  graceful  flight. 

This  bird  has  been  obtained  as  far  north  as  the  Falkland  Islands,  but 

it  does  not  occur  in  any  numbers  until  lat.  60°  S.  is  passed,  whence 

it  caa  be  traced  as  far  southward  as  man  has  penetrated.     Every 

expedition  has  noticed  it ;  Ross  found  it  laying  its  bluish- white  egg, 

measuring  2  •  2  by  1  •  6  in.,  among  the  crevices  of  the  cliffs  at  Cockburn 

Island;  Surgeon  Webster,  of  H.M.S.  Chanticleer,  met  with  the  bird 

from  January  to  March  on  Deception  Island,  South  Shetlands ;  and  the 

German  expedition  found  it  nesting  at  the  end  of  December  on  South 

Georgia.    From  the  Enderby  Quadrant  it  has  not  yet  been  recorded. 

Another  species  is  the  Antarctic  Petrel  {Thalassceca  antarctica), 
which  was  found  by  the  Erelms  and   Terror  expedition  as  far  as 

♦  •IbiB,'1900,  p.  19. 
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IT  49'  S.,  in  long.  ISl*'  10'  R  It  seems  to  occur  along  the  ice-barrier, 
but  I  cannot  find  any  definite'  account  of  its  breeding-places.  This 
species,  which  seems  to  be  the  *  aglet,'  or  'eaglet,'  of  Weddell  and 
early  explorers,  has  the  upper  surface  brown,  and  has  12  tail  feathers ; 
whereas  its  near  ally,  the  Silver-grey  Petrel  (jT.  glacialoides),  has 
14  tail-feathers,  and  has  consequently  been  placed  by  some  authori- 
ties in  another  genus,  Priocella,  This  latter  species  has  a  pale-grey 
upper  surface  and  other  distinctive  characters,  described  in  the  Ap- 
pendix. It  reaches  the  ice-barrier,  and  a  specimen  was  obtained  by 
the  Bdgica  just  before  her  escape  from  the  pack-ice,  on  14th  March 
1899,  in  lat.  70°  40'  S.  and  long.  102°  W. ;  wWle  the  Challenger 
brought  back  one  example,  taken  on  the  edge  of  the  pack,  in  about 
66°  S.,  on  14th  February  1874.  The  range  of  this  species  extends 
along  the  Pacific  coast  of  America,  occasionally  as  far  north  as 
Washington  Territory,  and  also  to  the  Cape  seas ;  while  Kerguelen 
Island  seems  to  be  a  breeding-place,  although  I  am  not  aware  of 
any  authenticatecl  eggs. 

The  well-known  Cape  Petrel,  or '  Cape  Pigeon '  (Baption  capensis) 
is  another  of  the  medium-sized  species  which  has  hitherto  succeeded 
in  concealing  its  egg  from  the  gaze  of  naturalists,  although  the  bird 
has  been  found  in  burrows  with  its  young  on  Kerguelen,  and  there 
can  be  no  doubt  that  it  breeds  on  South  Greorgia,  as  well  as  other 
suitable  localities  in  the  Antarctic  regions.  It  occurs  throughout 
the  Southern  seas,  and  has  even  been  obtained  on  one  occasion  off 
Ceylon.  At  long  intervals  individuals  have  been  taken  in  the  North 
Atlantic,  from  the  United  States  to  the  British  Islands ;  but  among 
the  numerous  birds  captured  at  sea  many  are  known  to  have  been 
carried  hundreds  of  miles  before  their  eventual  liberation,  and  this 
may  account  for  occurrences  so  far  beyond  the  usual  limits. 

No  true  Albatros  has  been  obtained  within  the  Antarctic  circle, 
and  very  few  species  reach  60°  S. ;  in  fact  Moseley  remarks  that  the 
last  White  Albatros  (Biomedea  extUans)  left  when  the  ChcUlenger 
was  still  200  miles  to  the  north  of  the  pack.*  The  Sooty  Albatros 
{Pkcebetria  fuliginosa)  was,  however,  obtained  by  the  Challenger  on 
10th  February  1874,  at  the  edge  of  the  pack-ice.f    But  the  Glant 

*  It  is  true  that  in  an  abstract  of  BaUeny's  voyage  (Jonrn.  B.G.8. 1889,  p.  517)  the 
explorer  is  quoted  as  remarkiDg  upon  '  one  Albatros '  in  lat.  61°  SO*  S^  '  the  first  sinoe 
leaving  CampbeU  Island/  but  this  may  easily  have  been  a  whitish  Giant  Petrel  (p.  281). 

t  It  was  the  shooting  of  an  Albatros  of  ihi$  species,  as  narrated  in  Shelvooke's 
*  Voyage  Bound  the  World,'  pp.  72-73  (1726),  that  snppUed  Coleridge  with  the  idea 
elaborated  in  the  '  Ancient  Mariner.'  Shelvooke  says  that  after  his  vesselt  the  Bpeed" 
weUj  had  passed  the  Straits  of  Le  Maire  and  had  reached  61°  80'  S^  '  we  had  not  had 
the  sight  of  one  sea-bird,  except  a  disconsolate  black  AJbitron,  who  aocompanied  ns  for 
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Petrel  {Oss^mga  gigantea),  which  approaches  the  larger  species  of 
Albatros  in  size,  was  observed  by  Dr.  McCormick  soaring  over 
Possession  Island,  Victoria  Land,  and  the  Belgica  found  it  a  con- 
stant attendant  in  the  ice-pack.  The  '  Nelly,*  as  sealers  call  it,  is, 
in  fact,  the  vulture  of  the  sea,  visiting  every  spot  where  carcases  and 
refuse  of  seals  and  penguins,  or  any  other  means  of  subsistence,  can 
be  found.  Its  breeding  and  habits  on  Marion  and  Kerguelen  Islands 
have  been  described  by  Moseley  and  others,  and  the  bird  probably 
nests  on  Heard  Island ;  Webster  found  it  on  Deception  Island,  South 
Shetlands,  from  January  to  March ;  and,  as  regards  South  Greorgia, 
where  the  eggs  are  laid  in  the  beginning  of  November,  the  practical 
Weddell  remarks  that  these  are  inferior  in  taste  to  those  of  other 
species.  The  beak  of  this  voracious  bird  is  very  powerful,  and 
assertions  have  often  been  made  by  sailors  that  it  will  attack  a 
drowning  man  and  accelerate  his  death.  Dr.  McCormick  states 
that  when,  after  leaving  Kerguelen,  the  bo'sun  of  the  Erebus  fell 
overboard  and  could  not  be  saved,  the  Giant  Petrels  swooped  at 
him  as  he  struggled  to  keep  afloat,  and  it  is  doubtful  if  they  did 
not  actually  strike  him  with  their  bills ;  while  Mr.  Arthur  G.  Guille- 
mard  states  that  a  sailor,  who  was  picked  up,  had  his  arms  badly 
lacerated  in  defending  his  head  from  the  attacks  of  an  'Albatros,' 
which  may  well  have  been  this  Giant  Petrel. 

Of  the  small  grey  Prions,  with  broad  boat-shaped  bills,  known  to 
sealers  as  'Whale-birds,'  only  one,  the  Brown-banded  Petrel  of 
Latham  {Prion  de&oUUus),  appears  to  reach  the  edge  of  the  Antarctic 
circle — an  example  having  been  obtained  by  the  Challenger  at  the  ice 
barrier  on  14th  February  1874.  This  species  is  found  over  the 
eastern  portion  of  the  Southern  Ocean,  to  30^  S.,  and  its  breeding 
habits  at  Kerguelen  have  been  described  by  the  Bev.  A.  £.  Eaton, 
Moseley,  and  others.  Three  others,  Prion  vittatvs,  P.  harvksi  and 
P.  arid,  have  not  been  recorded  to  the  south  of  lat  60°,  but  other- 
wise they  have  a  similar  longitudinal  range. 

After  the  Penguins  and  some  of  the  Petrels,  the  most  promi- 
nent species  within  the  Antarctic  circle  is  a  predacious  and  aggres- 
sive Gull,  McCobmick's  Skua,  named  after  its  virtual  discoverer. 

Wfoil  dftjB,  hoTeriDg  about  us  as  if  he  had  lost  himBelf,  tUl  Hatley  (my  second 
Qiplain)  obaemng,  in  one  of  his  melancholy  fita,  that  this  bird  waa  always  ho?ering 
US,  imagin'd,  from  his  colonr,  that  it  might  be  some  ill  omen.  That  which,  I 
indnoed  him  the  more  to  encourage  this  superstition,  was  the  continued  series 
sf  eoatmy  tempestuous  winda,  which  had  oppress'd  us  e?er  since  we  had  got  into  this 
Ma.  Bnt  be  that  as  it  would,  he,  after  some  fruitless  attempta,  at  length  shot  the 
not  doubting  (perhaps)  that  we  should  ha?e  a  fair  wind  after  itM  In  the 
edition  (1757)  this  stoiy  is  spoiled  by  compression. 
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It  was  first  obtained  at  Possession  Island,  Victoria  Land,  where  a 
pair  had  taken  up  their  residence  in  the  midst  of  a  colony  of  the 
Ad^e  Penguins,  and  subsequently  examples  were  obtained  or  seen 
nearly  as  far  south  as  78°,  while  long.  178°  W.  was  the  furthest 
record  in  the  direction  of  America.  The  Belgica  brought  back  four 
examples  (which  I  have  examined)  from  about  70°  S.  and  between 
82°  and  86°  W.,  in  the  ice  pack.  The  Southern  Cross  obtained  a  fine 
series,  from  the  downy  nestling  upwards ;  these  young  birds  being 
of  a  dark  slate-grey,  and  very  different  from  those  of  the  other  Great 
Skuas,  of  which  four  representatives  are  now  recognised.  The  species 
known  as  the  'Bonxie/  of  the  Shetlands,  frequenting  the  North 
Atlantic,  is  not  known  to  the  south  of  the  coast  of  Morocco ;  but 
in  the  Southern  Ocean,  from  the  New  Zealand  area  to  Heard, 
Kerguelen,  Marion  and  Crozet  Islands,  and  westward  to  the  Falk- 
lands,  is  found  a  larger  and  darker  bird  {Megaiestris  antarctica), 
which  seems  to  breed  as  far  as  the  South  Shetlands  and  Cockbum 
Island,  and  I  have  examined  a  specimen  obtained  by  the  Dimdee 
whalers.  Some  six  or  seven  degrees  of  latitude  separate  this  dark 
form  from  McCormick's  Skua,  which  is  a  much  paler  bird,  almost 
dirty  straw-colour  about  the  head  and  neck.  The  fourth  species, 
M,  chilensis,  has  the  under  parts  of  a  warm  chestnut  colour.  Further 
specimens  of  these  Southern  Skuas,  with  notes  on  their  geographical 
distribution,  are  much  wanted,  but  anything  approaching  the  exter- 
mination of  a  colony  is  to  be  deprecated. 

A  Gull  which  approaches  the  Antarctic  circle  is  the  Southern 
Black-backed  Gull  (Zarus  dominicanus\  which  is  recorded  by 
McCormick  as  breeding  at  Cockbum  Island,  aud  was  obtained  by 
Capt.  Fairweather,  of  the  Bcdcena,  in  64°  18'  S.  Northward,  it  is  widely 
distributed  on  the  coasts  of  South  America  and  South  Africa,  and 
nests  on  most  of  the  islands  from  the  South  Shetlands  to  the  Falk- 
lands  and  South  Georgia,  and  eastward — omitting  Tristan  da  Cunha — 
to  the  Prince  Edward,  Crozet,  Kerguelen  and  Heard  Islands,  and 
so  to  the  New  Zealand  area. 

It  is  also  to  Capt.  Fairweather,  of  the  BcUcena,  that  the  British 
Museum  is  indebted  for  by  far  the  most  Southern  example  of  another 
and  very  remarkable  Gull,  from  the  vicinity  of  the  South  Shetland 
Islands,  in  64°  55'  S.,  whence  it  was  originally  described  by  Traill,* 
namely  Lams  scoresbii.  This  species  has  a  very  stout  crimson  bill ; 
head,  neck  and  under  parts  of  a  lavender  grey,  and  a  black  mantle ; 
but  the  curious  part  about  it  is,  that  in  the  immature  stage  it  has  a 
very  marked  sooty  hood,  which  gives  it  a  superficial  resemblance  to 

•  ♦Mem.  Wern.  Soc./  i?.  p.  114, 1823. 
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a  Saddle-backed  Crow.  It  is  a  very  localised  and  terrestrial  Gull, 
feeding  largely  on  the  eggs  and  young  of  other  species,  molluscs,  etc. ; 
and  ranging  to  the  Falkland  Islands,  South  Georgia  Island  and  Pata- 
gonia, on  the  east  side,  and  through  the  Straits  of  Magellan,  up  to  the 
Island  of  Chiloe,  in  the  Pacific. 

There  is  ample  evidence  that  Terns  are  found  in  large  numbers 
in  the  South  Polar  regions,  and  even  within  the  Antarctic  circle, 
for  Bellingshausen,  of  the  Eussian  ship  Woatok,  has  recorded  Terns, 
on    18th  February  1820,  in  68°  S.,  wliile  McCormick  saw  one  in 
76**  52*  S.  and  178^^  W.,  and  he  had  previously  observed  'flocks'  on 
the  ice  between  65°-66°  S.  and  in  about  158°  W.     On  the  third 
attempt  of  the  Erebus,  McCormick  noticed  Terns  breeding  on  Cock- 
bum  Island;   Webster  found  birds  of  this   family  in   the  South 
Shetlands;  and  the  Dundee  whalers  brought  back  specimens  from 
that  neighbourhood,  which  are  referable  to  a  well-known  South 
American  species.  Sterna  hirundinacea,  akin  to  our  own  Common 
Tern,  though  quite  distinct.     This  distribution  might  be  expected, 
and  it  may  be  reasonably  assumed  that  all  the  Terns  found  to  the 
southward  of  America  are  of  this  species.     But  the  species  foimd 
off  Victoria  Land  has  still  to  be  identified,  and  all  that  can  be  said 
is  that,  inasmuch  as  the  Southern   Cross  expedition  obtained  at 
Campbell  Island  an  adult  of  Sterna  vittata,  there  is  a  probability 
that  this  species  may  go  as  far  as  Victoria  Land.     This  latter,  the 
*  Wreathed  Tern'  of  Latham,  breeds  in  the  volcanic  islands  of  St. 
Paul  and  Amsterdam,  and  occurs  at  Christmas  Harbour,  in  the  north 
of  Eerguelen ;  but  the  characteristic  Tern  of  the  last-named  island, 
as  well  as  of  the  Crozets,  and  probably  of  Heard  Island,  is  a  more 
sooty-coloured  species,  S.  virgata.     Further  details  would  be  tech- 
nical and  tedious,  but  enough  has  been  said  to  show  the  importance 
of  securing  specimens  of  this  family  on  the  Antarctic  Expedition 
from  as  many  localities  as  possible,  in  order  that  they  may  be 
identified  by  experts. 

Almost  the  last  species  which  call  for  notice  are  the  SheathbiUs 
(ChianididcB),  belonging  to  the  order  Limicolae.  They  are  white  birds 
about  the  size  of  pigeons,  and  are  generally  so  called  by  the  sealers. 
The  Lesser  Sheathbill  {Chionarchus  minor)  inhabits  Kerguelen  and 
Heard  Islands,  and  also  Marion  and  Prince  Edward  Islands ;  while 
on  the  Crozets,  which  are,  roughly,  halfway  between  Kerguelen  and 
the  Prince  Edward  group,  there  is  a  slightly  smaller  form,  which 
Dr.  Bowdler  Sharpe  considers  specifically  distinct.  I  do  not  know 
if  any  kind  of  Sheathbill  is  found  on  the  South  Sandwich  or  the 
South  Orkney  Islands  ;  but  on  South  Georgia  Island,  the  Falklands, 
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and  along  the  extreme  south  of  America,  reaching  down  to  the 
South  Shetlands,  Louis  Philippe  Lands  and  Joinville  Island,  64*^  S., 
is  found  a  larger  species,  Chionis  alba,  with  caruncles  or  wattles  at 
the  base  of  the  bill,  which  the  eastern  species  has  not.  The  Sheath- 
bills  lay  two  or  three  eggs  in  the  crevices  of  the  rocks,  or  under 
herbage ;  the  colour  of  these  being  creamy-white,  blotched  and  streaked 
with  purplish-brown  and  slate-colour.  The  bird  feeds  largely  upon 
the  eggs  and  nestlings  of  other  birds,  droppings  and  other  refuse,  as 
well  as  crustaceans,  etc.* 

Lastly,  there  is  a  Cormorant  of  some  kind  which  Webster,  of 
H.M.S.  CharUicleer,  calls  *the  Blue-eyed  Shag,'  found  breeding  at 
Deception  Island,  South  Sheilands;  McCormick  records  a  resting- 
place  of  Cormorants  on  Cockbum  Island;  and  the  naturalists  in 
the  Dundee  whalers  seem  to  have  met  with  some  bird  of  this  kind. 
At  present  there  seems  no  clue  to  the  species. 
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Aptenodytks    forstkri.      Grant,   Cat.  B.   Brit   Mus.  xxvi.  p.   626. 
Emperor  Penguin  (p.  225). 

Upper  parts  bluish-grey ;  head  to  throat  black,  with  a  yellow  patch 
on  each  side  of  the  head  shading  into  white  on  the  neck;  under 
parts  white.  In  the  young  bird  the  throat  is  nearly  white,  and 
there  are  little  signs  of  yellow  patches.    Length  up  to  45  in. 

Aptenodytes  patagonica.     Grant,  Cat.  K  Brit.  Mus.  xxvi.  p.  627.    King 

Penguin  (p.  225). 
Aptenodytes  longirostris  of  some  authors,  i.e.  Moseley,  Notes  Nat,  ^Challenger.' 

Upper  parts  generally  as  in  the  above,  but  shading  into  pearl- 
grey  on  back  of  the  neck  and  shoulders ;  crown  of  head,  cheeks  and 

*  The  circumstantial  account  in  the  'Ibis,'  1895,  p.  165,  of  the  shooting  of  this 
species  in  78^  S.  by  '  the  late  Dr.  W.  Gnnn,  R.N.,  Surgeon  of  H.M.S.  Terror,  in  the 
Antarctic  Expedition,'  must  be  due  to  an  error  of  memory.  In  an  o£Bcial  letter  from 
the  Admiralty  it  is  stated  '  that  the  name  of  William  Gunn  does  not  appear  in  the  pay- 
books  of  the  Erebus  or  Terror  for  the  period  of  the  Antarctic  Expedition,  1889-43,  but 
that  a  Naval  Surgeon  of  that  name  was  serving  in  H.M.S.  dirc^oa  and  CreioeiU  on  the 
South  American  Station  during  that  period.*  Dr.  McCormick  expressly  states  that  no 
SheathbiU  of  any  kind  was  seen  from  the  time  the  Expedition  left  Eerguelen  in  1840, 
until  the  2nd-3rd  April  1842,  when  approaching  the  Falklands;  and  the  independent 
testimony  of  Ross  is  oonfirmative. 
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chin  black,  with  orange-yellow  bands  which  nearly  meet  on  the  nape, 
run  below  the  black  throat,  and  widen  on  upper  breast.  Under  parts 
white.    The  immature  bird  has  little  yellow.     Length  36  in. 

Pygoscelis  adeu^     Grant,  Cat  B.  Brit.  Mus.  xxvl  p.  632.     Ad61ie 
Land  Penguin  (p.  227). 

Bill  rather  stout  and  blunt  Upper  parts  slate-grey ;  sides  of  the 
head,  chin  and  throaty  dull  black ;  under  parts  pure  white.  Length 
30  in. ;  weight  about  10  lbs.  In  the  immature  bird  the  throat  is 
white. 

Pygascdis  papua.     Id.  tc.  p.  631.     (P.  tcmiaius  of  Coues,  Sel.  and  Salv., 
Moseley,  &c.)    *Gentoo'  or  *  Johnny '  (p.  227). 

Similar  to  above,  but  with  a  white  band  across  the  crown  from 
behind  the  eyes.    Length  30  in. 

Pygasulii  aniarctka.    Id,  tc  p.  634.    Ringed  or  Bridled  Penguin  (p.  227). 

Similar,  but  the  grey  of  the  upper  parts  bluer  than  in  preceding 
species ;  throat  white,  with  a  thin  blackish  '  bridle '  from  under  the 
chin,  ear  to  ear.    Length  30  in. 

Caiarrhades  chrysocome.   Id,  t  c.  p.  635.   *  Gk)rf  oo '  or  *  Rock-hopper  *  (p.  227). 

Upper  parts  dark  slate-colour ;  top  of  the  head  black,  with  a  crest  of 
feathers  elongated  to  3  in. ;  a  golden-yellow  eyebrow  stripe  of 
similarly  elongated  feathers  along  the  sides  of  the  crown;  cheeks, 
chin  and  throat  dull  black ;  rest  of  under  parts  white.  Length 
about  30  in. 

Caiarrhades  chrysolophus.    Id,  tc.  p.  641.     'Macaroni  Penguin '  (p.  228). 

Generally  similar  to  above,  except  that  the  yellow  eyebrow  stripes 
are  wider  and  join  on  the  forehead.    Length  30  in. 

Sphmiseiu  magellanicus.    Id.  tc  p.  651.    Jackass  Penguin  (p.  228). 

Bill  rather  long  and  stout.  Forehead,  crown  and  nape  black,  shading 
into  slate-grey  on  the  rest  of  the  upper  parts;  chin,  throat  and 
cheeks  black,  with  broad  white  stripes  enclosing  the  last,  and  a  broad 
black  band  across  the  white  breast     Length  about  28  in. 

OcBANrTES  OCKANicus.     Salvin,  Cat  R  Brit  Mus.  xxv.  p.  358.     Wilson's 
Storm  Petrel  (p.  22^). 

Sooty-black  above  and  below,  the  quills  and  tail  feathers  darker 
black ;  greyish-white  edges  to  the  wing  coverts  and  inner  secondaries ; 
tapper  tail  coverts  and  thigh  patches  white ;  black  bill,  legs  and  toes. 
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the  webs  yellow  at  their  bases.  Length  7  in.,  wing  6  in.,  tarsus 
1*4  in. 

ThALASSCECA  ANTARCTICA.     Id,  t.c.  p.  392  (p.  229). 

Head  and  mantle  brown,  with  broad  white  edges  to  wing  coverts  and 
secondaries;  tail  white,  tip  brown;  under  parts  white.  Length 
17  in.,  wing  12  in. 

Thalassceca  (Priocelia)  glacialoides.    Id,  t.c.  p.  393. 
(p.  230). 

Head  and  neck  pale  grey,  mantle  rather  darker ;  quills  brownish  on 
outer  webs,  tail  pale  grey.     Length  18  in.,  wing  12*6  in. 

Majaqueus  cpquinodialis.     Id.  t.c.  p.  395.      'Cape  Hen,'   'Black  Night 
Hawk,'  *  Black  Eaglet' 

Sooty  black,  with  a  very  variable  amount  of  white  on  the  chin  and 
upper  throat,  sometimes  round  the  eye,  and  almost  across  the  crown ; 
the  white  seems  to  be  most  prevalent  in  Australian  and  New  Zealand 
waters.     Length  20  in.,  wing  15  in. 

Pagodroma  nivea.    Id.  t.c.  p.  419.     Ice  Petrel  (p.  229). 

Pure  white;  bill  black;  feet  yellowish.  Length  14-16  in.,  wing 
9*8-11  in.,  the  difference  in  the  size  of  individuals  being  remarkable. 

OssiFRAGA  GiOANTEA.    Id,  t.c.  p.  422.    GiANT  Petrel,  *  Nelly  '  (p.  230). 

The  adult  is  uniform  dark  chocolate-brown,  but  immature  birds 
exhibit  more  or  less  white  in  their  plumage,  while  nearly  white 
individuals  are  not  uncommon.  Length  34  in.,  wing  20*5  in., 
bill  4-2  in. 

Daption   capensis.     Id,  tc.  p.  428.     Cape  Petrel,  *Cape  Pigeon' 
(p.  230). 

Head,  neck  and  throat  blackish;  feathers  of  the  mantle  mainly 
white,  but  tipped  with  black,*  tail  broadly  tipped  with  black ;  under 
parts  white.  In  the  young  the  black  has  a  browner  hue.  Length 
16  in.,  wing  10*5  in. 

Prion  desolatus.     Id,  t.c.  p.  434.     Brown-banded  Petrel  (p.  231). 

Upper  surface  ashy-blue,  darker  on  the  head  ;  a  distinct  whitish  eye- 
stripe;  a  black  band  across  the  mantle;  under  surface  white;  bill 
blue-black,  the  tail  yellow,  tarsi  and  toes  light  blue.  Length  12  in., 
wing  7  •  6  in. 

*  To  its  *  chequered '  appearance,  like  the  black  and  white  squares  of  a  draught- 
board, the  bird  is  indebted  for  its  French  name,  Damier;  its  Spanish  equiralent  is 
Pintoilo. 
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Diamedeaj  sp.  ?    See  footnote,  p.  230. 

Phaietria  fidiginosa.     Salvin,  Cat.  B.  Brit.  Mus.  xxv.  p.  453.     Sooty 
Albatros  (p.  230). 

Plumage  generally  sooty,  paler  and  greyer  on  the  shoulders  and  the 
under  surface ;  an  imperfect  white  ring  round  the  eye ;  tail  rather 
long  and  wedge-shaped;  bill  black,  with  an  orange-yellow  groove. 
Length  36  in.,  wing  19*5  in. 

This  bird,  the  *  Piow '  or  *  Peeo '  of  the  sealers,  has  a  wide  range 
in  the  Southern  oceans.  It  is  known  to  breed  on  South  Georgia, 
the  Prince  Edward  and  Marion  Islands,  the  Crozets  and  Kerguelen  ; 
but  further  information  respecting  the  haunts  of  this  and  every 
other  Albatros  is  much  to  be  desired.  There  are  in  all  fifteen 
species  of  Diomedeidse,  but  no  other  than  the  above  is  known  to 
make  a  near  approach  to  the  Antarctic  Circle. 

Megalestris  antarctka,    Saunders,  Cat.  B.  Brit.  Mus.  xxv.  p.  319  (p.  232). 

MSGALESTRIS  MACCORMICKL      Id,  tc.  p.  321,  pi.  1  (p.  231). 

The  Antarctic  Skua,  known  to  seafaring  men  as  the  '  Port  Egmont 
Hen '  and  '  Sea  Hen,'  is  of  a  dark  brown  colour,  paler  on  the  under 
surface,  and  with  white  bases  to  the  outer  primaries,  forming  a 
fairly  conspicuous  bar  when  the  wing  is  extended.  The  largest 
specimens,  attaining  a  length  of  24  in.,  and  wing  17  in.,  have  been 
taken  in  the  New  Zealand  area ;  the  smallest  are  from  the  vicinity 
of  the  Falklands,  and  have  an  average  length  of  21  in.,  wing  15  in. 
McCormick's  Skua  is  much  paler,  the  crown  being  olive-brown ;  the 
acuminate  feathers  of  the  neck  strongly  marked  with  golden  straw 
colour,  and  the  upper  breast  streaked  with  the  same,  though  in  a 
less  degree ;  the  remaining  under  surface  darkening  to  coffee-brown 
on  the  belly  ;  mantle,  wings  and  tail  chiefly  umber-brown,  as  in  the 
preceding.  Both  species — and,  indeed,  all  the  Skuas — have  ex- 
ceedingly sharp  curved  claws,  like  those  of  Accipitrine  birds. 

bms  dominicanus.    Saunders,  Cat.  B.  Brit  Mus.  xxv.  p.  245  (p.  232). 

The  Southern  Black-backed  Gull  has  the  head,  neck,  tail  and  under 
surface  pure  white ;  the  mantle  sooty  black ;  the  wing  feathers  mainly 
blackish,  with  white  sub-apical  patches  or  *  mirrors,'  which  increase 
in  extent  with  the  maturity  of  the  individual ;  bill  yellow,  red  at  the 
angle;  tarsi  and  toes  greyish-olive,  with  yellower  webs.  Average 
length  of  the  male  23  in.,  wing  16*5  in. ;  the  female  rather  smaller. 
Campbell  Island  is  the  furthest  south  known  in  the  New  Zealand 
area^  but  the  species  may  reach  the  Macquarie  group. 
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Larus  (Leucaplueus)  scoreshii.    Id,  t.c.  p.  299  (p.  232). 

The  plumage  of  this  species  has  been  already  described.  Length 
18  in.,  wing  13*25  in.  It  is  not  likely  that  the  bird  will  be  found 
outside  Weddell  Quadrant 

(  Sterna  hirundinacea.    Id,  t.c.  p.  53  1    .     ^  . 
1  S.  vittata.  Id.  t.c.  p.  51   I   ^^'       ^' 

Little  of  value  can  be  added  to  the  remarks  on  p.  233.  These  Terns, 
the  *  King-birds '  of  sealers,  have  all  of  them  crimson  bills  and  feet, 
black  crowns,  grey  mantles,  and  paler  under  surfaces ;  but  the  rump 
in  S.  vittata  is  grey,  while  in  S.  hirundinacea  (the  larger)  it  is  nearly 
white.  S,  virgata^  of  South  Kerguelen,  is  darkest  of  all ;  and, 
restricted  to  New  Zealand,  is  found  a  fourth  species,  S.  albistriata^ 
with  yellow  bill,  legs  and  feet. 

Chionis  alba.    Sharpe,  Cat.  B.  Brit  Mus.  xxiv.  p.  710.  Wattled  Sheathbill 
(p.  234). 

PhalacrocaraXf  sp.  f    Cormorant  (p.  234). 
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ZOOLOGY: 

ANTARCTIC  DEEP-SEA  FISHES. 

By  G,  a.  Boulenger,  F.K.S. 

As  the  meagre  infonnation  to  hand  up  to  quite  recently  is  to  be 
found  in  the  general  works  of  the  Challenger  Expedition  and  Goode 
and  Bean's  '  Oceanic  Ichthyology ' — the  latter  being  recommended 
for  its  general  scope  and  portable  form — it  will  suffice  to  mention 
that  the  only  collection  made  since  the  publication  of  these  works, 
that  of  the  Belgica,  has  yielded  very  few  fishes.  Up  to  the  present, 
three  short  preliminary  reports  have  been  issued  in  the  '  Bulletin  de 
r Academic  royale  de  Belgique'  for  1900,  in  which  M.  L.  DoUo  has 
described  three  new  species  obtained  by  that  expedition,  each  being 
T^arded  as  the  type  of  a  new  genus : — 

Cryodraco  antarcticus  (Fam.  TrarMnida!). 
7V  22'.    Lat.  S.  by  88°  38'.    Long.  W.,  450  metres, 

Gerlachia  australis  (Fam.  Trachinidce). 
71°  34'.     Lat.  S.  -  89°  10'.     Long.  W.,  500  metres. 

BacovUzia  ffladalis  (Fam.  Tradiinidoc), 
71°  23'.    Lat  S.  -  87°  32'.     Long.  W.,  435  metres. 

Although  the  species  may  not  be  numerous,  yet  the  individuals 
may,  and  in  such  cases  the  importance  is  urged  of  bringing  home 
large  series,  which  should  be  of  use  both  for  adding  to  the  know- 
ledge of  individual  variations,  and  for  making  investigations  on  the 
anatomy.  Most  of  the  deep-sea  fishes  are  known  from  single  or 
scanty  specimens  only,  and  many  are  the  generic  forms  the  anatomy 
of  which  is  absolutely  unknown  through  want  of  material  that  can  be 
sacrificed.  If,  therefore,  the  Expedition  is  provided  with  an  ample 
supply  of  alcohol,  the  formation  of  good  series  of  individuals  is  in 
every  case  to  be  recommended.  In  fact»  in  regions  such  as  those 
that  will  be  visited,  it  might  even  be  recommended  to  preserve  every 
specimen  not  brought  up  in  too  bad  a  condition. 


I:. 
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This  might  perhaps  be  done  without  too  much  expenditure  of 
spirits,  if  the  supply  be  a  limited  one,  by  preserving  some  of  the 
duplicates  in  formaldehyde,  or  formol,  as  it  is  frequently  called.  This 
fluid,  which  is  strongly  recommended  for  the  preservation  of  some 
groups  of  invertebrates,  is  invaluable  from  the  fact  that,  such  as  it  is 
supplied  by  the  trade,  it  may  be  diluted  with  25  volumes  of  water. 
But  the  results,  so  far  as  fishes  are  concerned,  have  not  proved  satis- 
factory. It  has  these  drawbacks : — 1.  That  it  hardens  the  tissues, 
stiffens  the  fins,  practically  "  sets  "  the  specimens,  and  renders  them 
brittle  when  manipulated  ;  2.  That  the  fluid  is  more  or  less  unstable, 
and,  when  exposed  to  light,  produces  an  acid  solution,  the  effects  of 
which  may  be  actually  to  decalcify  the  bony  tissues.  I  therefore 
strongly  recommend  the  use  of  spirit  of  wine  at  20®  over  proof  for 
the  preservation  of  the  first  set  of  specimens,  formol  to  be  employed 
only  for  duplicates  if  reasons  of  economy  should  at  all  warrant 
its  use- 
Sharks  may  be  found  in  some  abundance.  Suffice  it  to  say  that 
our  knowledge  of  them  is  still  very  incomplete.  Their  preservation 
in  brine  should  offer  no  difficulty  in  a  cold  climate ;  large  specimens^ 
that  is,  over  4  feet,  to  be  preserved  as  skins,  rolled  up  over  the  head, 
which  may  be  left  intact,  and  packed  in  barrels  filled  with  salL 
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ZOOLOGY: 

ON  THE  ABYSMAL   FAUNA   OF  THE  ANTARCTIC  REGION 

By  Akthur  E.  Shipley,  M.A.,  Fellow  and  Tutor  of  Christ's 
College,  Cambridge,  and  University  Lecturer  in  the  Advanced 

Morphology  of  the  Invertebrata. 

Ths  area  I  have  selected  in  the  following  essay  *  is,  roughly  speak- 
ing, a  triangle,  the  apex  of  which  is  situated  on  the  80th  meridian  of 
K  longitude,  almost  exactly  south  of  Ceylon,  at  a  latitude  of  65°  42'  S., 
a  little  north  of  the  Antarctic  circle.  Here  the  southernmost  dredg- 
ing of  the  Challenger  was  taken.  The  western  leg  of  the  triangle, 
stretching  by  way  of  Heard  Island,  Kerguelen,  the  Crozets,  to  Prince 
Edward  and  Marion  Islands,  reached  station  146  of  the  Challenger 
expedition,!  a  little  to  the  west  of  the  last-named  islands,  in  lat.  46^ 
46'  S.  and  long.  45°  3'  E.  The  eastern  leg  extended  to  station  159, 
nearly  south  of  Adelaide,  and  a  little  north  of  the  50th  parallel.  The 
depth  of  the  sea  in  this  area  varies  between  1000  and  2000  fathoms. 
It  will  be  noticed  that  the  angle  described  practically  subtends  the 
whole  of  the  Indian  Ocean. 

Although  the  waters  in  the  region  are  cold,  and  may  be  termed 
sub-antarctic,  the  wealth  of  life  in  the  ocean  is  abundant.  %  After 
passing  lat  50  S.  enormous  quantities  of  Diatoms  are  recorded  in  the 
surface  waters,  and  with  the  Diatoms  were  Sadiolaria.    The  spoils  of 

^  In  the  preparation  of  part  of  this  eesay  I  was  greatly  helped  by  my  friend 
Hr.  G.  Croesland,  of  Glare  College,  Gambridge. 

t  At  the  end  of  this  article  wiU  be  found  a  list  of  the  stations  mentioned  in  oar 
irea,  their  position,  the  temperature  of  the  water  at  the  surface  and  on  the  bottom,  the 
nature  of  the  ocean  floor  and  the  depth  of  the  sonnding.  A  farther  list  of  the  positions 
of  the  stations  mentioned,  bat  not  included  in  the  diBtrict,  is  also  added. 

I  In  the  systematic  part  of  this  essay  I  have  considered  the  various  phyla  of  tho 
Ipftftehrate  Metazoa  that  occur  in  the  Antarctic  deep  seas,  and  the  Tunioata.  I  havo" 
eailtad  the  Protozoa,  since  these  animals  come  better  under  the- beading  of  deposits  of 
the  OMM  floor. 
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the  dredge  at  station  146  were  "  probably  the  most  successful  haul 
up  to  the  present  date,  as  regards  number,  variety,  novelty,  size  and 
beauty  of  the  specimens,"  and  the  results  of  the  soundings  at  station 
147  were  even  richer.  Sir  John  Murray  says  "  the  deep-sea  fauna 
of  the  Antarctic  has  been  shown  by  the  Challenger  to  be  exception- 
ally rich,  a  much  larger  number  of  species  having  been  obtained  than 
in  any  other  region  visited  by  that  expedition,  and  the  VcUdivia's 
dredgings  in  1898  confirm  this."  The  Valdivia' s  comtsq  was,  roughly 
speaking,  parallel  to  that  of  the  ChallcTiger  in  these  waters,  but  further 
west.  The  most  southern  point  it  reached,  the  apex  of  its  angle,  was 
about  long.  55°  E.,  off  Enderby  Land.  The  results  of  this  expedition 
are  being  worked  out,  but  are  not  yet  available. 

It  must  not  be  overlooked  that  the  dredge,  probably  in  all  cases, 
certainly  in  many,  brought  on  board  numerous  forms  which  had  no 
acquaintance  with  the  deep-sea  bottom.  In  its  lengthy  and  slow 
passage  from  the  depths  it  enmeshed  many  a  dweller  of  the  middle 
regions,  and  as  it  passed  from  water  into  air  it  skimmed  the  surface 
fauna.  A  striking  instance  of  this  occurred  at  station  158,  where  the 
dredge  brought  on  board  the  remarkable  Nemertine  Peloffonemertes 
rollestoni  Moseley,  whose  very  tissues  proclaimed  its  pelagic  or  sea- 
surface  origin.  In  the  systematic  part  of  this  essay  the  species  of 
animal  brought  up  in  the  dredge  from  great  depths  are  recorded  one 
by  one,  and  although  it  is  impossible  to  be  certain  in  every  case  that 
they  really  come  from  the  bottom,  their  habits  and  their  relationship 
to  other  bathybial  forms  makes  this,  in  the  great  majority  of  cases,  a 
matter  of  no  doubt. 

The  conditions  of  life  in  the  ocean  at  depths  over  1000  or  2000 
fathoms  are  remarkably  uniform,  and  although  the  "  abysmal  depths 
of  the  Antarctic  Seas"  sound  colder  than  those  of  the  tropics,  they 
have  really  all  about  the  same  temperature,  i.e.  a  few  degrees  above 
the  freezing  point  of  fresh  water.  It  is  possible  that  near  the  Poles 
this  temperature  may  be  a  degree  or  two  below  32°  F.,  but  the 
change  of  two  or  three  degrees  in  the  surrounding  medium  probably 
has  no  more  effect  on  abysmal  organisms  than  a  change  of  from  62® 
to  64°  or  65°  F.  has  on  us. 

The  waters  are  still.  Compared  with  the  shallow  seas  there  are 
no  currents;  and  though  we  know  that  in  places  strong  currents 
destroy  deep-sea  cables,  and  that  there  must  be  a  continuous  though 
slow  change  of  water  over  the  floor  of  the  ocean,  otherwise  the 
waters  of  the  tropics  would  become  heated  at  the  depths,  yet,  com- 
pared with  the  surface  of  the  earth  and  with  the  shallower  seas,  we 
may  look  upon  the  depths  of  the  ocean  as  a  place  where  a  great  calm 
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reigns.  One  result  of  this  may  be  the  interesting  fact,  that  in  certain 
sessile  animals,  whose  "  strength  is  to  sit  still,''  such  as  the  Monax- 
onid  Sponges,  a  perfectly  definite  symmetry  of  fonn  is  developed, 
and  they  differ  in  this  from  their  shallow-water  allies,  which  are 
exposed-  to  varying  currents  and  conditions,  and  which  are  of  any 
sliape  provided  only  it  be  asymmetrical.  Curiously  enough,  the 
absence  of  movement  seems  to  produce  the  contrary  effect  in  certain 
radial  but  non-sessile  animals.  The  Holothurians  of  the  shallow  seas, 
rolled  about  in  the  varying  tides,  turn  now  one  radius  now  another, 
to  the  substratum.  But  the  Holothurians  of  the  deep,  the  Elpidijdjk, 
unmoved  by  ebb  or  flow,  presenting  one  face  perpetually  to  the 
bottom,  have  developed  a  secondary  bilateral  symmetry,  and  pro- 
trude their  tube-feet  from  one  surface  alone. 

No  light  from  the  sun  penetrates  the  deep  sea.  There  is  no  day 
and  night.  In  connection  with  this  absence  of  light  from  without 
certain  animals,  notably  the  Fishes,  Crustacea,  some  Echinoderms,  and 
Worms,  have  developed  phosphorescent  organs,  but  the  part  they  play 
in  illuminating  the  depths  can  hardly  be  greater  than  that  of  the 
policeman's  bull's-eye  in  lighting  up  London  during  a  November  fog. 
Corresponding  with  this  darkness,  lit  up  by  an  occasional  phosphores- 
cent flash,  the  animals  of  the  depths  have  either  lost,  or  are  losing, 
their  visual  organs,  or  have  developed  enormous  eyes.  With  the 
absence  of  light  may  again  be  associated  the  uniformity  of  colouring 
of  the  denizens  of  the  depths.  Many  of  them  are  brightly  coloured ; 
reds  abound  in  the  Crustacea,  purple  and  green  in  the  Holothurians, 
yellow  and  browns  in  the  Crinoids,  violet  and  orange  in  the  deep-sea 
Medusae ;  a  large  number  are  uniformly  white  or  whitish-yellow,  or 
grey,  and  sometimes  black ;  blue  alone  is  rare.  It  has  been  suggested 
by  more  than  one  observer  that  the  colours  of  some  animals,  e.g.  the 
Crustacea,  change  as  they  are  dragged  up  from  the  bottom  to  the 
sorCEU^e  and  that  some  of  the  bright  red  forms  as  we  see  them  are  in 
the  abyssesof  the  ocean  of  a  blue  colour.  But,  whatever  be  the  colour, 
it  is,  as  a  rule,  uniform,  and  there  is  a  marked  absence  of  those  bands, 
stripes  and  spots,  which  play  so  large  a  part  in  the  life  of  dwellers 
on  the  land  or  in  the  shallow  waters.  The  large  size  attained  by 
certain  {[roups,  such  as  the  Isopods,  seems  to  be  m^^re  nearly  asso- 
ciated with  a  polar  distribution  than  with  the  great  depths. 

In  the  abysses  of  the  ocean  there  is  no  sound.    The  organs  which 

in  Invertebrata  are  usually  associated  with  the  perception  of  sound, 

u  a  rule  only  reach  a  high  degree  of  development  in  those  forms 

which  move  actively  about,  and  it  is  most  probable  that  they  act  as 

balancing  organs,  not  as  hearing  organs.     The  necessity  for  organs 

R  2 
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by  means  of  which  a  moving  animal  determines  its  position  in  rela- 
tion to  the  surroundings  ia  as  great  at  two  thousand  fathoms  as  at 
twenty,  and,  as  far  as  is  known,  these  organs  have,  as  a  whole, 
suffered  no  degeneration. 

If  we  could  see  the  bottom  of  the  deep  sea,  we  should  see,  except 
in  those  few  places  where  a  current  is  active,  a  uniform  layer  of  what 
we  should  call  fine  mud  lying  like  a  thick  deposit  over  the  bottom  of 
the  ocean,  covering  rock  and  stone.  This  is  caused  by  the  tireless 
fall  of  the  skeletons  of  minute  organisms  which  abound  in  the  surface 
of  the  sea.  In  comparatively  shallow  waters,  where  the  calcareous 
shell  can  reach  the  bottom  without  being  dissolved  in  transit,  this 
deposit  is  the  Oldbigcrina  ooze ;  in  deeper  waters  the  siliceous  frame- 
work of  Eadiolaria  or  Diatoms  forms  the  deposit.  It  is  ceaselessly, 
though  very  slowly  and  very  gently,  falling  through  the  water.  It 
is,  perhaps,  connected  with  this  layer  of  deposit  that  so  many  mem- 
bers of  the  Benthos,*  whose  allies  are  sessile  in  shallower  seas,  are 
stalked,  or  if  their  allies  be  stalked,  in  the  depths  they  have  acquired 
longer  stalks.  Instances  of  this  occur  in  the  Sponges,  the  Alcyonarian 
Urribelhda,  the  stalked  Crinoids,  the  Tunicata,  and  other  groups. 

Certain  curious  features  occur  over  and  over  again  in  deep-sea 
creatures  for  which  there  seems  no  obvious  reason.  There  is  an  in* 
explicable  inability  to  deposit  much  calcareous  matter  in  the  skeleton, 
whether  internal  or  external.  The  bones  of  many  deep-sea  fishes  are 
deficient  in  lime,  and  remain  either  membranous  and  fibrous  or  car- 
tilaginous; the  shells  of  certain  molluscs  are  "as  tissue  paper;" 
the  test  of  some  Echinoids  is  soft,  with  at  most  certain  detached  cal- 
careous plates ;  the  exoskeletons  of  the  Crustacea  remain,  as  a  rule, 
chitinous ;  calcareous  sponges  are  not  found.  This  state  of  things 
cannot  be  due  to  the  absence  of  calcium  carbonate,  for  we  know  that 
the  calcium  sulphate,  from  which  the  carbonate  is  formed,  is  present 
in  abundance,  and,  moreover,  the  deficiency  in  lime  occurs  as  com- 
monly in  those  creatures  living  on  the  calcareous  GloHgerina  ooze  as 
it  does  in  those  which  live  in  the  siliceous  Badiolarian  deposits.  On 
the  other  hand  many  animals  such  as  the  Eadiolaria  which  secrete 
silex  have  unusually  stoutly  developed  skeletons  at  great  depths. 

Possibly,  connected  with  this  deposit  of  sediment  is  the  fact,  that 
in  many  of  the  creatures  who  have  retained  their  eyes  these  organs 
are  borne  at  the  end  of  long  stalks.  The  Podophthalmous  Crustacea 
tend  to  become  more  Podophthalmous,  and  some  of  the  bathybial 
fishes  carry  their  eyes  at  the  tips  of  long  lateral  prolongations  of  the 

*  A  term  introduced  by  Haeckel  to  denote  those  marine  animals  which  do  not  swim 
about  or  float,  and  which  live  on  the  bottom  of  the  ocean  either  sessile  or  creeping  about* 
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head.  In  those  animals  which  have,  so  to  speak,  followed  an  evolu- 
tionary path  in  the  opposite  direction,  and,  instead  of  evolving 
immense  eyes,  have  suppressed  eyes  altogether,  their  place  has  to 
some  extent  been  taken  by  a  great  development  of  tactile  organs. 
Antennae,  "  barbels,"  and  tentacles  lengthen,  and  in  some  cases,  e.g. 
some  species  of  Pycnogonid,  the  legs  are  enormously  elongated,  and 
probably  act  as  sensory  outposts. 

Another  of  the  peculiarities  for  which  it  is  difficult  to  assign  an 
adequate  reason,  is  the  change  that  the  respiratory  organs  undergo  in 
many  abysmal  forms.  In  Crustacea,  MoUusca  and  in  Fishes,  there 
is  often  a  marked  reduction  in  the  size  and  number  of  the  gill- 
filaments,  and  in  many  Tunicata  the  branchial  chamber  is  profoundly 
modified.  In  the  Isopod  Bathynomus,  on  the  other  hand,  the  normal 
respiratory  organs  of  the  abdominal  appendages  have  been  replaced 
by  branching  outgrowths  of  the  body- wall  full  of  blood.  These  are 
protected  by  the  abdominal  appendages,  which  act  as  opercula. 

All  deep-sea  animals  are  carnivorous,  and  must  be  so,  as  no  vege- 
tation flourishes  in  the  dark  depths  of  the  ocean.  Correlated  with 
this  diet  is  the  large  mouth  and  development  of  efficient  organs  for 
capturing  prey,  and  on  the  other  hand,  a  certain  "  spiny-ness  "  which 
is  apt  to  appear  in  many  forms  which  elsewhere  are  comparatively 
smooth.  The  development  of  these  spines  may  be  somewhat  of  a  pro- 
tection against  the  large  mouths  just  mentioned.  Perhaps,  more  than 
elsewhere  on  the  earth,  the  depths  of  the  sea  bear  evidence  to  the 
truth  of  the  Frenchman's  summing  up  of  Life  as  the  conjugation  of 
the  verb  "  I  eat,"  together  with  its  terrible  correlative  "  I  am  eaten." 
It  seems  probable  that  most  of  the  bottom  dwellers  of  the  Polar 
seas  undergo  a  direct  development ;  at  any  rate  there  is  a  great 
absence  of  pelagic  larvae  which  might  belong  to  them  in  the  surface 
waters.  And  in  the  case  of  certain  Crustacea  and  Echinoderms  from 
the  colder  waters  of  both  hemispheres  such  a  direct  development  has 
been  observed. 

The  Benthos,  or  abysmal  fauna,  like  the  Plankton,  or  surface  and 
swimming  fauna,  of  the  Antarctic,  contains  a  number  of  species  and 
genera  which  are  again  met  with  in  Arctic  circles,  but  are  unknown 
in  the  intervening  oceans.  This  peculiarity  is  a  factor  of  the  whole 
marine  fauna,  and  not  of  the  deep-sea  forms  only,  and  will  therefore 
iK>t  be  further  considered  here. 

When  deep-sea  exploration  was  first  undertaken  it  was  thought, 
or  at  any  rate  hoped,  that  the  sea  would  give  up  many  an  old-world 
fonn — ^living  examples  of  what  we  know  only  as  fossils — and  that 
the  abysses  of  the  ocean  would  yield  many  a  missiug  link.    This  has 
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hardly  proved  to  be  the  case.  On  the  whole  the  inhabitants  of  the 
depths  prove  to  be  closely  connected  with  fauna  of  the  shallower 
waters.  Still  some  interesting  forms  have  been  found.  Cephalodiscus 
dodeccdophuSf  M'Int.,  taken  by  the  Challenger  in  the  Straits  of  Magel- 
lan, has  thrown  some  light  on  the  more  primitive  members  of  the 
Chordate  phylum.  The  existence  of  the  stalked  Crinoids,  otherwise 
only  known  as  fossils,  of  the  deep-sea  Medusae,  to  which  Haeckel 
attributes  an  archaic  structure,  of  the  remarkable  forms  of  deep-sea 
Holothuroids  and  Tunicates,  go  far  to  fulfil  the  hopes  with  which  the 
voyage  of  the  Challenger  set  forth.  Whilst  many  deep-sea  forms 
belong  to  the  same  families,  and  even  to  the  same  genera,  as  their 
shallow-water  allies,  and  have  probably  descended  to  the  depths  in 
comparatively  recent  times,  the  existence  of  the  large  groups  just 
mentioned,  found  as  a  rule  in  no  other  zones,  shows  that  ages  ago 
certain  forms  migrated  to  the  abysses  of  the  ocean.  There,  undis- 
turbed by  the  fret  of  tide  or  current,  in  quiet  and  gloom,  they  have 
developed  into  new  forms,  which  are  as  characteristic  of  the  depths  of 
the  great  Ocean  as  a  mountain-fauna  is  of  the  Alpine  heights. 
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The  first  class  of  the  Sponges,  the  Calcarea,  is  unrepresented  in 
the  deep  seas.  None  have  been  found  at  a  greater  depth  than 
450  fathoms,  and  in  our  region  the  deepest  were  Amphoriscus 
elongaius,  Pol.,  and  Leuconia  Icvis,  Pol.,  at  150-310  fathoms,  station 
145.  The  absence  of  the  calcareous  forms  may  be  connected  with 
the  extreme  difficulty  of  secreting  lime  which  appears  to  obtain  in 
the  depths  of  the  ocean,  a  difficulty  which  is  shown  by  the  thinness 
and  tendency  to  disappear  of  the  calcareous  shell  in  molluscs  and 
Crustacea,  of  the  test  in  echinoderms,  and  in  the  softness  of  the  bones 
of  deep-sea  fishes. 

The  Keratosa,  or  Homy  Sponges,  are  likewise  not  a  deep-sea 
group,  and  are  not  found  at  a  greater  depth  than  400  fathoms,  except 
certain  families  described  by  Haeckel  and  not  universally  accepted. 
None  of  these  are  found  in  our  district. 

The  Hexactinellida  found  in  the  depths  of  the  Antarctic  region 
are  as  follows : — Belonging  to  the  family  Evplsctelltdjs,  (i.)  Hdlascus 
fibulatus,  F.E.S.,  from  stations  146  and  147,  and  outside  the  area 
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from  station  160,  off  Tasmania;  (ii.)  H.  polejaevii,  F.E.S.,  from 
station  157;  (iii.)  Malacosaccus  vastus,  F.E.S.,  from  station  146,  a 
"  flabby  plate  "  which  "  could  be  folded  like  a  cloth."  Belonging  to 
the  family  Asconsmatjd^,  (iv.)  PolyrhaMtis  aviformis,  F.E.S.,  from 
station  156;  (v.)  Cavlophacus  latus,  F.E.S.,  from  station  147. 
Belonging  to  the  family  Bossellidjs,  (vi.)  Rossdla  antartica,  Carter, 
first  described  from  specimens  brought  home  by  Sir  James  Ross,  was 
taken  by  the  Chailenger  at  stations  145  and  150,  and  again  oS' 
Buenos  Aires ;  (vii.)  BcUhydorus  spinosus,  F.E.S.,  from  station  147 ; 
(viii)  AtUocalyx  irregularis,  F.E.S.,  from  stations  147  and  145  and 
bom  station  56,  south  of  the  Bermudas.  Belonging  to  the  family 
HrALONEMAnDjB,  (ix.)  ffyalonema  conusy  F.E.S.,  from  station  158; 
(x.)  Stylocalyx  clavigerum,  F.E.S.,  from  station  147.  Belonging  to  the 
family  Famrxjdjb,  (xi.)  Farrea,  sp.,  from  station  147.  Belonging  to  the 
£umly  CoacufOPiDjs,  (xii.)  Clwndasma  lamella,  F.E.S.,  from  station  148, 
and  from  the  same  station  (xiii.)  Hexa^ctinella,  sp.,  belonging  to  the 
family  Tretrodicttidjs.  The  deep-sea  members  of  this  group  possess 
Some  of  the  most  beautiful  skeletons  found  amongst  Sponges. 

The  deep-sea  Monaxonida  differ  from  the  shallow- water  members 
of  the  group  in  that  whereas  the  latter  are  without  any  definite  sym- 
metrical form,  "  in  the  abyssal  species  a  perfectly  definite  and  usually 
symmetrical  external  form  is  almost  invariably  present."  The 
following  bathybial  species  were  found  in  our  region: — (xiv.) 
Esperella  mammi/ormis,  R  &  D.,  the  soft  parts  crowded  with 
Diatoms;  (xv.)  Esperiopsis  profunda,  K.  &  D. ;  (xvi.)  Cladorhiza 
tridentata,  R&D.;  (xvii.)  Meliiderma  stipitata,  R  &  D.  The  four 
genera  just  mentioned  belong  to  the  family  Dksmacidonidje,  and  all 
of  them,  together  with  the  two  genera  which  follow,  were  taken 
at  station  147;  (xviii.)  Axindla  erecta,  E.  &  D.,  of  the  family 
AuNMLUDJs,  a  very  variable  and  very  widely  distributed  species ; 
it  has  been  taken  between  the  Faroe  Islands  and  the  Shetlands,  as 
fiur  south  as  station  147,  and  at  many  intermediate  points;  (xix.) 
Stylocordyla  stipitata.  Carter,  of  the  family  Suberitjd^,  like  the 
preceding  species,  extends  throughout  the  Atlantic,  and  its  bathy- 
metrical  range  is  also  very  extensive,  extending  from  7  to  1600 
fathoms;  (xx.)  Cladorhiza  monUi/ormis,  R  &  D.,  was  taken  at 
station  157.  Of  the  preceding  genera,  Cladorhiza,  Meliiderma  and 
Stylocordyla  are  characteristically  deep-sea  forms,  which  are  rarely  or 
never  met  with  in  shallow  water. 

Of  the  Tetractinellida  only  one  species  was  taken  at  any  great 
depth  in  our  area: — (xxi.)  Tliciiea  delicata,  Sol,  of  the  family 
Tmmxmidjb,  was  taken  at  station  147. 
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CCELENTEEATA, 

Class  I. — Hydromedus^  (Craspedota). 

(A.)  LBPTOMEDUSiE-CALYTOBLASTEA.  But  few  Plumulariidjb  are 
deep-sea;  the  genus  Cladophorus  has,  however,  been  dredged  from 
depths  as  great  as  900  fathoms  off  the  Azores.  In  our  region  (i.) 
Plumvlaria  insignis,  Allm.,  was  taken  at  station  145  at  depths  of 
150  and  310  fathoms,  and  one  or  two  other  species  occurred  at  a  less 
depth.  Numerous  other  species  of  Leptomedusse  were  taken  in 
shallow  waters,  mostly  under  100  and  none  over  150  fathoms. 

(B.)  ANTHOMEDUSiE-GYMNOBLASTEA.  Hydroid  forms  were  not  met 
with  in  the  depths  in  our  area,  but  a  deep-sea  Medusa,  (ii.)  Thamno- 
stylus  dinema,  Haeck.,  of  the  family  Thamnostomatid^,  was  taken 
at  station  153,  ai^d  although  the  depth  was  only  150  fathoms,  it 
deserves  mention  as  being  taken  at  the  most  southern  locality  where 
dredging  took  place.  This  species  has  a  remarkable  development  of 
the  oral  organs,  a  long  oesophagus  and  four  much  branched  oral 
processes  of  a  blood-red  colour.  The  branches,  amounting  to  more 
than  a  thousand,  terminate  in  stinging  knobs.  Only  two  marginal 
tentacles  are  developed. 

(C.)  Hydrocorallin^  are  not  represented  by  any  specimens 
dredged  by  the  Challenger,  but  the  following  species  have  been 
recorded  at  other  times,  from  the  Antarctic  Ocean;  (iii.)  Hirina 
Jissurata,  Gray ;  (iv.)  Lahiopora  antarctica,  Gray. 

(D.)  TuACHYMEDUSiE  are  represented  by  (v.)  Pectis  antarctica, 
Haeck.,  of  the  typical  abysmal  family  Pectyllidjb.  The  single  speci- 
men obtained  was  taken  at  station  152.  The  whole  umbrella  edge 
is  beset  with  sucking  tentacles.  The  oesophagus  has  8  adradial, 
ectodermal,  oral  funnels  alternating  with  8  endodermal  pouches,  an 
arrangement  peculiar  to  this  genus.  The  Pbcttlljd^,  like  many 
abysmal  Medusae,  are  deficient  in  sense-organs.  It  has  been  sug- 
gested that  they  walk  about  on  the  ends  of  their  curiously-knobbed 
sucking-tentacles. 

(E.)  NARCOMEDUSiE  have  but  one  deep-sea  Medusa  from  our  area, 
(vi.)  JEginura  myosura,  Haeck.,  of  the  family  JEgjnuridjb,  taken  at 
station  159,  one  specimen  only. 

(F.)  SiPHONOPHORA,  represented  by  (vii.)  Disconalia  pectyllis, 
Haeck.,  taken  at  station  157,  and  interesting  as  one  of  the  Siphono- 
phora  which  has  a  very  medusoid  shape  and  characters.  It  is  a 
member  of  the  family  Djscaljd^,  which  Haeckel  unites  with  the 
familes  Porpjtjdjs  and  Vslellidjs  in  the  group  DiscoNECTiE. 
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Class  II.— AcALEPHiE  (Acraspeda). 

The  Schyphomedusae  are  represented  by  two  species  in  our  region. 
(viiL)  Periphema  regina,  Haeck.,  of  the  family  Periphtllidjs,  of  the 
sub-order  Pebomedusa.  It  was  taken  in  fragments  at  station  156,  and* 
was  a  very  large  form,  measuring  180-200  mm.  in  diameter,  (ix.) 
AtoUa  wyvUlii,  Haeck.,  one  of  the  family  Ephtrjd^  of  the  sub-order 
DISCOMEDUS^,  taken  at  station  157,  and  again  in  the  South  Atlantic 
at  station  318,  is  one  of  the  most  interesting  Medusae  brought  home 
by  the  Challenger,  Haeckel  regards  it  as  the  remains  of  an  extinct 
ancestral  form  of  theDiscoMEDUSiE  and  as  indicating  the  close  connec- 
tion of  this  group  with  the  PEROMEDUSiE  and  CuBOMEDUSiE. 

Of  the  eighteen  deep-sea  Medusae  described  by  Haeckel,  it  thus 
appears  that  six,  or  one-third,  have  been  captured  in  the  Antarctic 
r^on.  It  is,  of  course,  not  absolutely  certain  that  all  the  specimens 
were  taken  at  the  depths.  Some  may  have  entered  the  dredge  in  its 
way  upwards.  Still,  Haeckel  thinks  that  of  the  genera  just  mentioned, 
Peetis  and  JEginura  amongst  the  Hydromedusae,  and  Periphema  and 
Atolla  amongst  the  Scyphomedusae,  have  characteristics  which  suit 
them  to  an  abysmal  mode  of  life;  and  moreover,  that  they  show 
by  their  primitive  structure  a  remote  phylogenetic  origin.  The 
families  to  which  these  genera  belong  have  probably  been  deep-sea 
dwellers  for  a  very  long  period  of  time. 

Class  III. — ACTINOZOA. 

(A.)  Alcyonaria. 

The  sub-order  Pennatulacea,  the  most  highly  organised  is  at  the 
same  time  the  most  typically  bathybial  of  the  five  Alcyonarian  sub- 
divisions. They  are  rarely  met  with  in  shallow  water,  and  at  least 
one-half  of  the  genera  described  are  deep-sea  forms.  Two  families, 
the  Umbelluudjb  and  the  Protoptjlidje,  are  characteristically  abysmal, 
but  the  latter  is  not  represented  in  our  area.  The  family  Umbellulid^ 
ia  represented  by  (x.)  UmbelltUa  carpenteri,  K61L,  taken  at  stations 
156  and  157.  The  axial  polype  is,  in  this  family,  drawn  out  to  form 
w  enormously  long  stalk,  a  characteristic  feature  of  many  deep-sea 
*i^als  (c.f.  the  stalked  Crinoids  and  Tunicata).  (xi.)  U,  viagniflora, 
KolL,  from  station  147,  attained  a  total  length  of  740  mm.  The 
genus  UnibelltUa  has  the  widest  distribution  of  all  the  Pennatulids, 
itzetching  along  the  Atlantic  and  Pacific  from  pole  to  pole. 

Of  Alcyonarians,  other  than  Pennatulids,  two  deep-sea  species 
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were  found,  (xii.)  Callozostron  mirabUis,  Perc.  Wright,  of  the  family 
Prjmnoidje,  was  dredged  at  the  southernmost  station,  153.  This 
species  apparently  lives  prostrate  in  the  mud;  (xiii.)  Thouardla 
antardica  (Val.),  of  the  same  family,  was  taken  at  station  148a,  at 
550  fathoms.  A  good  many  other  species  were  found  in  the  area, 
but  seldom  below  150  fathoms  and  never  below  350  fathoms.  Hence 
they  are  not  included  here. 


(B.)  ZOANTHARIA. 

(i.)  AcTiNiARiA.  Numerous  species  of  many  families  of  sea- 
anemones  have  wandered  into  the  abysmal  depths  of  the  ocean,  but 
there  are  no  entirely  deep-sea  families,  and  hence  it  seems  probable 
that  the  Actiniaria  of  the  great  depths  are  comparatively  recent 
denizens  of  that  part  of  the  earth's  surface.  They  have  not  developed 
many  peculiar  characters.  Perhaps  the  most  striking  is  the  ten- 
dency for  the  tentacles  to  diminish  in  size,  and  to  be  replaced  by 
a  row  of  holes  (representing  their  terminal  pores)  surrounding  the 
mouth.  It  must  not  be  overlooked,  however,  that  these  holes  are, 
in  all  probability,  caused  by  the  artificial  breaking  off  of  the  tenta- 
cles at  their  base.  In  some  cases  the  bodies  of  deep-sea  anemones 
are  more  rigid  and  less  gelatinous  and  contractile  than  those  of 
shallow  water  forms,  and  the  tentacles  are  clubbed  and  arranged  in 
groups.  These  features,  for  instance,  occur  in  the  Corallimorphjdm, 
which  is  perhaps,  more  than  any  other,  an  abysmal  family,  though 
not  exclusively  so.  The  following  occur  in  our  area: — (xiv.) 
Corallimorphiis  rigidvs,  Moseley,  belonging  to  the  family  just 
mentioned,  was  taken  at  stations  146,  157  and  outside  the  area 
at  195.  (xv.)  Tcalidium  dtigulatum,  E.  Hertw.,  of  the  family 
Paractid^,  one- specimen  taken  at  station  158,  attached  to  a  stone; 
(xvi.)  Idponema  multiporum,  E.  Hertw.,  of  the  family  Liponsmid^^ 
taken  at  station  147,  and  outside  the  area  at  station  305a  ;  (xvii.) 
Ceretcs  spinosus,  E.  Hertw.,  of  the  family  SaoartiiduE,  taken  at  station 
157,  and  again  outside  the  area  at  station  237;  (xviii.)  Bunodes 
minuta,  E.  Hertw.,  of  the  same  family,  taken  at  station  147 ;  (xix.) 
Sicyonis  crassa,  E.  Hertw.,  of  the  family  Swromo^,  taken  at  station 
147,  with  a  rather  cartilaginous,  stiff  body. 

(ii.)  Antipatharia.  But  few  species  of  this  sub-order  occur  at  a 
depth  of  more  than  1000  fathoms,  and  none  of  these  belong  to  the 
large  group  Antipathinfe.  Two  species  were  taken  in  our  area,  both 
at  station  145a,  from  a  depth  of  310  fathoms,  and  hardly  deserve  to 
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rank  as  deep-sea  forms.  They  were  (xx.)  Schizopathes  conferta,  Brook, 
and  (xxi.)  CladopatJies  plumosa,  Brook.  Both  belong  to  the  group 
Schizopathinae. 

(iii.)  Madreporaria,  The  deep-sea  Madreporarians  are,  as  a 
rule,  solitary  forms,  and  they  present  no  marked  features  connected 
with  their  abysmal  habitat  The  following  species  were  taken 
in  our  area: — (xxii.)  Flabellum  apertuviy  Moseley,  of  the  family 
Tubbinouipje,  taken  at  station  145  in  comparatively  shallow  water, 
and  again  off  Portugal  in  900  fathoms ;  (xxiii.)  Solenosmilia  variabilis^ 
Duncan,  of  the  family  Oculinid^,  taken  at  station  145,  and  off  Tristan 
da  Cunha  at  1000  fathoms,  and  again  off  Ascension  Island ;  (xxiv  ) 
Bathyactis  symmetrica,  Moseley,  one  of  the  Fungiidjs,  a  form  uni- 
versally distributed  in  deep-water  ;  it  has,  moreover,  a  "  wider  range 
in  depth  than  any  other  animal,  occurring  in  30  fathoms  off  Bermuda, 
and  in  the  East  Pacific  Ocean  at  a  depth  of  three  miles/'  It  was 
taken  at  stations  147  and  157  in  our  area,  and  at  numerous  localities 
outside ;  (xxv.)  Leptopenus  discus,  Moseley,  of  the  family  Eupsammiidjs, 
taken  at  stations  147  and  157,  and  again  in  the  South  Atlantic  at 
station  323,  is  an  extraordinary  fragile  form. 


POLYCHiETA. 

Some  of  the  deep-sea  Polychseta  are  phosphorescent,  and  many 
have  developed  large  eyes  or  lost  them  altogether.  There  seems  with 
them  the  same  difficulty  of  extracting  lime  from  the  water  that 
occurs  in  animals  of  other  groups.  Many  of  the  Tubicolous  forms 
fail  to  secrete  a  calcareous  tube,  and  replace  it  by  a  quill-like  sub- 
stance strengthened  with  sponge-spicules  and  Foraminifera.  These 
tubes  are,  in  some  species,  armed  with  spiny  projections. 

Of  the  220  new  species  of  Polychaeta  worms  brought  back  by  the 
Challenger  the  following  were  found  in  the  Antarctic  region: — (i.) 
LcUm^nice  producta,  Grube.,  Aporoditidm.  This  is  a  very  cosmopolitan 
form,  and  is  known  from  Iceland  and  Japan,  as  well  as  from  many 
of  the  stations  the  Challenger  explored,  where  it  often  was  found  in 
considerable  numbers.  M'Intosh  recognises  four  new  varieties  of 
this  species.  Although,  as  a  rule,  a  shallow-water  genus,  this  species 
was  found  down  to  a  depth  of  2900  fathoms.  Polyiwe  and  Lagisca 
represent  the  Poltnoidjs,  (ii.)  Polynoe  {Admetdla)  longipedata, 
M'Int,  taken  at  station  146  to  the  east  of  Prince  Edward  Island, 
IB  remarkable  for  the  size  of  its  feet  and  bristles.  Only  two  speci- 
mens came  up,  one  of  which  was  a  female  with  large  and  numerous 
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ova.  This  species  was  obtained  nowhere  else,  (iii.)  At  the  next 
station  (147),  near  the  Crozet  Islands,  two  specimens  of  Lagisca  cro- 
setensis,  M*Int.,  were  dredged.  This  species,  which  in  appearance 
resembles  a  narrow  Aphrodite,  also  occurred  at  no  other  station, 
(iv.)  Nothria  dbranchiata,  M'Int.,  Onuphidid^,  is,  as  its  name  implies, 
remarkable  in  the  genus  by  having  no  branohisB,  and,  like  so  many 
of  its  deep-sea  companions,  no  eyes.  It  was  dredged  both  in  the 
Antarctic,  station  156,  and  ''  in  the  middle  of  the  Atlantic,  north  of 
Tristan  da  Cunha."  It  is  characteristic  of  this  deep-sea  form  to  have 
much  larger  bristles  than  its  congeners.  The  tubes  in  which  it  lived 
were  flexible,  coated  with  a  grey  mud.  Diatom  ooze,  and  strengthened 
by  a  long,  moniliform,  brown,  arenaceous  Foraminifer.  The  tubes  of 
the  northern  form  were  strengthened  by  Spatangoid  spicules,  and  the 
shells  of  a  rare  Dentalium,  otAparrhaiSy  Bulla  and  Terebratuia,  and  by 
one  of  the  valves  of  a  Cirripede.  The  intestine  of  the  Antarctic  form 
contained  the  chitinous  cuticle  of  numerous  small  Crustacea  enveloped 
in  Pteropod  ooze.  Another  species  of  the  same  genus,  founded  by 
M'Intosh  on  a  fragment  of  the  anterior  region  of  the  body,  is  Nothria 
ai*mandi,  M'Int.,  dredged  at  station  157,  about  half-way  between 
Kerguelen  and  Melbourne.  It  is  without  eyes.  Its  tube  was  friable 
and  composed  of  Diatoms  and  Eadiolarians.  (v.)  Hyalincsda  bentha- 
liana,  Mint.,  belongs  to  the  same  family,  and  was  taken  at  the  next 
station  (158).  One  specimen  only  was  dredged,  but  "  what  appears 
to  be  the  same  form  "  was  taken  a  little  west  of  the  Northern  Island 
of  New  Zealand.  Its  tube  is  chitinous  and  semi-transparent,  (vi.) 
At  the  station  156,  and  nowhere  else,  several  specimens  of  Uphesia 
antarctica,  Mint.,  belonging  to  the  family  Sphjsbodarid^,  were 
dredged.  This  species  is  an  unusually  large  and  muscular  example 
of  the  genus,  (vii.)  Trophonia  wyvUlei,  Mint.,  representing  the 
Chlorhjemidje,  was  found  at  1950  fathoms,  at  station  157,  an  unusually 
rich  spot  for  Annelids.  But  a  single  specimen  was  dredged.  This 
species  is  one  of  the  largest  and  most  characteristic  of  the  genus,  and 
is  an  interesting  example  of  what  was  at  one  time  regarded  as  a 
littoral  famUy.  To  the  morphologist  this  genus  is  noteworthy  on 
account  of  its  looped  alimentary  canal,  its  single  pair  of  nephridia, 
and  the  presence  of  but  two  septa. 

The  family  Maldanidje  {Clymenjdjb)  is  represented  by  the  genera 
Mcddanella  and  Fraxilla.  The  ChallcTiger  first  showed  that  members 
of  this  family  descended  to  great  depths.  "In  regard  to  food,  no 
group  shows  more  strikingly  the  value  of  Diatoms,  Eadiolarians  and 
Foraminifera,  as  the  original  food  producers  for  fishes  and  the  higher 
forms.     These  groups  constitute  the  chief  nourishment  of  the  deep- 
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sea  and  many  other  Annelids,  and  the  majority  would  seem  to  live 
on  the  spot  where  they  have  been  swallowed,  to  judge  from  their 
appearance  in  the  alimentary  canal  of  the  Annelids. 

"The  discrimination  shown  by  the  family  in  the  formation  of 
their  tubes  is  at  once  apparent  in  contrasting  the  mud  swallowed  as 
food  with  that  composing  the  tube.  Almost  invariably  the  latter  is 
coated  with  the  coarser  Foraminifera,  the  larger  Radiolaria  and  the 
rougher  sand  particles,  and  this  even  in  instances  where  there  would 
have  been  no  obstacle  to  the  admission  of  the  one  as  well  as  the 
other  into  the  buccal  orifice."  (viiL)  Maidanella  antarctica,  M'Int., 
was  taken  at  three  stations,  146,  152  and  157,  inside  the  Antarctic 
region.  Numerous  specimens  were  dredged.  With  this  species,  at 
station  157,  was  dredged  another  member  of  the  same  family,  found 
nowhere  else,  (ix.)  Praxilla  abyssorum,  M*Int.  The  species  was 
founded  on  an  imperfect  specimen. 

The  family  Amphwtsxid^,  remarkable  for  the  paucity  of  its 
examples,  was  represented  in  the  Antarctic  by  (x.)  Petta  assiymlis, 
M'Int,  taken  only  at  station  147.  The  genus  is  interesting  because 
it  has  a  coiled  intestine,  (xi.)  Amphicteis  v^yvillei,  M'Int.,  a  single 
specimen  only  was  dredged  at  the  same  station.  The  alimentary  canal 
of  this  creature  contained  Glohigerina  in  a  fresh  condition,  showing 
that  Foraminifera  inhabit  the  depths  of  the  sea.  It  is  a  member 
of  the  family  Ampharetidjs^  which  is  further  represented  in  Ant- 
arctic seas  by  (xii.)  Grubianella^  a  genus  described  by  M'Intosh  from 
Challenger  material  G.  antarctica,  M'Int,  the  only  species  of  the 
genus,  was  taken  at  the  stations  156,  157  and  158,  at  depths  of 
1950-1975  fathoms  and  1800  fathoms.  M'Intosh  recognises  one 
variety. 

Of  the  large  family  Tersbellidjs,  two  genera  are  recorded,  Lecena 
and  Pista,  both  represented  by  a  single  species  founded  on  a  single 
specimen,  which,  in  the  case  of  the  last-named  genus,  was  imperfect, 
(xiii.)  Lectna  antarctica,  M'Int.,  was  dredged  at  station  156,  together 
with  the  GrubianeUa  and  the  Ephesia  of  the  same  specific  name, 
(xiv.)  Pista  abyssicola,  M'Int.,  was  taken  at  station  157. 

One  or  two  points  of  general  interest  in  the  deep-sea  Polychaeta 
are  perhaps  worth  mentioning  here.  The  types  found  in  what 
M'Intosh  terms  the  Australian  region  are  "  in  many  cases  peculiar 
and  noveL"  "Comparatively  few  of  the  species  range  into  other 
areas,  if  we  except  the  ubiquitous  varieties  of  La:tmonice  producta, 
and  one  or  two  others.  Finally,  two  species  of  parasitic  Crustacea 
Were  found  on  the  deep-sea  Polychcets;  one,  Trophoniphila  hradii. 
Hint,  ^herent  to  the  bases  of  the  branchiae,  with  ovisacs  project- 
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ing  into  the  mouth  of  Trophonia  wyvillei ;  the  second  is  Praxillini- 
cola  kroyeri,  M*Int.,  found  on  Proucilla  ahyssorum. 

MYZOSTOMIDA. 

The  peculiar  parasites  grouped  under  this  name  are  found  only 
on  Echinoderms,  and,  with  the  exception  of  one  or  two  recently 
described  cases,  they  are  confined  to  the  Crinoids.  There  bxq  some 
seventy  species,  which  are  divided  into  two  genera,  Myzostoma,  with 
all  the  species  but  one,  and  Stelechojms,  of  which  there  is  but  one 
species.  Their  habit  of  life  varies.  Some  species  crawl  freely  about 
their  host,  others  are  attached  to  the  ventral  surface,  and  their  pre- 
sence causes  more  or  less  marked  malformations  of  the  neighbouring 
parts ;  others,  again,  form  veritable  galls,  in  which,  like  an  insect  in 
a  plant-gall,  several  individuals  pass  their  life.  One  species  lives  in 
the  intestine  of  its  host. 

The  following  were  taken  in  our  region: — (i.)  Myzostama  com- 
pressum,  von  Graff,  found  on  Bathycrimbs  aldrichianvs,  Wyv.  Th.,  at 
station  146.  (ii.)  M,  coronatuvi,  von  Grafif,  found  on  the  same  host 
at  the  same  station,  (iii.)  Stelechopus  hyocrini,  von  GraflT,  found  on 
JTyocrinus  bethellianus,  Wyv.  Th.,  and  on  £,  aldrichianiis,  at  station 
147.  It  is  interesting  to  note  that  the  ancient  form  Hyocrinus  has  a 
special  genus  of  parasite  unknown  on  other  Crinoids,  though  these 
are  abundantly  infested  with  a  great  number  of  varied  forms.  It  is 
also  interesting  to  note  that  von  Grafif  regards  this  genus  "  as  un- 
doubtedly the  lowest  form  of  the  Myzostomida." 

GEPHYEEA. 

The  two  genera  of  Unarmed  G^phyrea,  Sipunculoidea,  which 
have  been  found  at  great  depths  are  Phascolion  and  Phascolosoma. 
Several  specimens  of  (i.)  Phascolosoma  pvdicum,  Sel.,  were  found  round 
Kerguelen,  but  at  no  great  depths,  (ii.)  Phascolion  Intense,  Sel.,  was, 
however,  brought  up  in  the  dredge  at  stations  156  and  157  from 
nearly  2000  fathoms.  It  has  a  thin,  transparent,  colourless  skin. 
No  specimen  of  Armed  Gephyrean  or  Echiuroidea  was  taken  in  our 
area,  but  it  is  perhaps  worth  mentioning  that  EchiuriLS  chUensis  has 
been  taken  in  the  Straits  of  Magellan.  Tliis  genus  is  the  one  most 
common  in  the  colder  waters  of  the  globe. 

NEMATODA. 

Very  few  Entozoa  are  known  from  great  depths,  though  there 
seems  no  reason  why  internal  parasites  should  not  flourish  as  well  ill 
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baihybial  hosts  as  in  shallow-water  forms.  A  species  of  Nematode, 
Ascaris  mucncroidei^  v.  Linst,  has,  however,  been  described  "from 
the  stomach  of  a  large  Macrurid  "  taken  at  station  147,  from  1600 
fathoms.  Another,  but  a  free-living,  specimen  of  the  same  Class, 
Prothdmins  pro/undissima,  von  Linst.,  the  type  of  a  new  genus  and 
species,  was  taken  at  a  depth  of  about  2000  fathoms.  This  specimen 
was  immature,  and  is  described  as  a  larval  form,  the  largest  free- 
living  larva  known  amongst  the  Nematoda.  It  is  devoid  of  any 
boring  apparatus,  and  is,  therefore,  possibly  free-living  throughout 
Ufa  Wherever  the  specimen  was  in  the  least  degree  injured  the 
cuticle  had  rolled  up,  probably  owing  to  the  difiference  of  pressure 
between  the  depths  and  the  surface.  Its  muscular  system  is  peculiar, 
approximating  more  to  the  Gordian  worm  type  than  to  that  of  the 
more  typical  Nematoda. 

Specimens  of  all  animals,  especially  of  fishes,  from  great  depths 
shojild,  as  far  as  possible,  be  carefully  searched,  especially  the  body 
cavity  and  the  entire  alimentary  tract,  for  Entozoa.  It  is  highly 
probable  that  many  new  forms  will  in  the  future  be  described  from 
this  practically  unexplored  field. 

In  his  monograph  on  the  genus  Serolis,  Mr.  Beddard  records  a 
species,  S.  necera,  which  came  up  from  a  depth  of  2040  fathoms,  but 
not  in  our  area,  and  which  bore,  entangled  in  its  appendages,  a 
number  of  small  Nematodes,  apparently  free-swimming  forms. 

Although  not  an  abysmal  form,  it  is  worth  mentioning  in  con- 
nection with  parasites,  that  a  new  genus  of  Tape- worm,  Tetrabothrium 
auriculatum,  von  Linst.,  was  once  found  in  the  intestine  of  a  Petrel, 
Thalasisaca  glacialoidcs.  Smith,  in  the  Antarctic  Ocean,  and  once 
again  in  the  "Cape  Pigeon,"  Daption.  A  search  through  the  viscera 
of  such  birds  will  almost  certainly  be  rewarded  by  the  discovery  of 
some  new  forms  of  Entozoa. 

BRACHIOPODA. 

The  following  species  are  recorded  by  Davidson  from  the  waters 
Mound  the  Antarctic  land  or  in  the  neighbouring  seas : — (i.)  Tere- 
hratula  mosdeyi,  Dav.,  west  of  Kerguelen  Island,  at  a  depth  of  210 
fathoms,  (ii.)  T.  7iva,  Brod.,  off  Heard  Island,  10-600  fathoms, 
(iii.)  T.  xcyvillei,  Dav.,  ofif  the  Falkland  Islands,  1035-2900  fathoms, 
(iv.)  TerebrcUidina  caput-serpentis,  Linn.,  west  of  Kerguelen,  0-1180 
iathoms.  (v.)  T.  murrayiy  Dav.,  off  Kerguelen,  600  fathoms,  (vi.) 
Waldhtimia  verwsa,  Sol.,  Tierra  del  Fuego  and  Falkland  Islands, 
5*50  fathoms,  (vii.)  W.  kergucleiurms^  Dav.,  off  Marion  and  Ker- 
guelen Islands,  100-150  fathoms,     (viii.)  Terebratella  dorsata,  Gmel., 
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Magellan  Straits,  25-90  fathoms,  (ix.)  Magasella  flexuom.  King, 
off  Patagonia  and  in  Magellan  Straits,  5-15  fathoms,  (x.)  Platydia 
anomioides,  Scacchi,  off  Marion  and  Prince  Edward  Islands,  40-600 
fathoms,  (xi.)  Rhynchondla  nigricans,  Sow.,  south  of  Kerguelen 
Island,  15-150  fathoms. 

POLYZOA. 

Cheilostomata. — The  following  Cheilostomatous  Polyzoa  were 
taken  from  depths  of  over  150O  fathoms  in  our  region; 'and  the 
sounding  next  in  depth  in  the  Antarctic  was  about  200  fathoms : — 
(i.)  Bicellaria  infundibulata,  Busk,  taken  at  stations  147  and  156, 
belonging  to  the  family  Bicellariidje,  (ii.)  Bugvla  bicomis,  Busk, 
from  station  157,  belonging  to  the  same  family,  (iii.)  Bugula  reti-' 
culata,  Busk,  taken  at  station  147,  and,  outside  the  area,  at  stations 
299  and  303.  (iv.)  Salicomaria  (Cellaria)  magnijica,  Busk,  taken 
at  station  157,  and,  outside  the  area,  at  stations  13,  122  and  323, 
belonging  to  the  family  Salicornariidas,  or  Cellaridjs,  (v.)  FartAmi- 
naria  magna,  Busk,  taken  in  the  southernmost  station,  153,  and 
belonging  to  the  family  Farciminariidje,  (vi.)  Foveolaria  orbicularis, 
Busk,  taken  at  station  147,  belonging  to  the  family  Membranjporid^ 
In  this  district  very  many  species  of  Cheilostomata  were  dredged  at 
a  depth  of  leas  than  200  fathoms,  (vii.)  Onchopora  sinclairii,  Busk, 
of  the  family  Onchoporidje,  was  taken  at  stations  149d,  150  and  157 
(at  the  last-named  station  in  a  much  damaged  condition),  from  a 
depth  of  1950  fathoms. 

Cyclostomata. — But  one  species  of  Cyclostomatous  Polyzoa 
occurred  over  150  fathoms  in  the  Antarctic  regions.  This  was  (viii.) 
Idmonea  marionensis,  Busk,  taken  at  stations  147,  151  and,  outside 
the  area,  at  station  320 ;  it  belongs  to  the  family  Tubuliporidjs, 

No  Ctenostomata  or  Entopkocta  were  found  in  this  region. 

CEUSTACEA. 

Order  L — Ostracoda. 

Conditions  at  the  extreme  depths  of  ocean  are  unfavourable  to 
the  existence  of  Ostracods,  and,  as  a  rule,  the  "  red-clay  "  and  Globi- 
oKRiNA  ooze  of  the  bottom  of  the  deep  sea  shows  no  trace  of  these 
minute  Crustaceans.  Yet  they  are  not  entirely  absent,  and  some  of 
them  reach  a  great  size.  Professor  Brady  gives  a  list  of  fifty-two 
species,  taken  in  twenty-nine  dredgings,  at  a  depth  of  over  500 
fathoms,  and  of  nineteen  species,  taken  in  thirteen  dredgings,  at  a 
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depth  of  1500  fathoms  downward.  In  both  cases  the  number  of 
specimens  was  small,  as  is  the  number  of  species  when  compared 
with  similar  ''  takes  "  in  shallower  waters. 

The  following  were  taken,  at  a  depth  of  1375  fathoms,  between 
Prince  Edward  Island  and  the  Grozet  Islands: — (i.)  Cythere  dasj/' 
derma^  Br.,  station  146,  and  in  many  other  places,  and  (ii.) 
C.  acarUhoderma,  Br.,  at  the  same  station,  and  elsewhere.  These  two 
species  appear  to  be  cosmopolitan  in  all  deep  seas,  but  they  have  not 
been  taken  at  less  depths  than  580  fathoms,  (iii.)  C.  dictyon,  Br., 
which  usually  ranges  from  1000-2000  fathoms,  but  has  been  taken 
in  waters  as  shallow  as  120  fathoms.  Taken  at  stations  146  and  150, 
and  elsewhere.  It  is  a  variable  species,  and  seems  to  be  ubiquitous  in 
deep  waters,  (iv.)  C,  viminea,  Br.,  taken  at  station  146.  (v.)  Kriihe 
prodiuUa,  Br.,  a  cosmopolitan  and,  apparently,  a  very  variable  species, 
taken  at  station  146,  and  elsewhera  Many  other  species  were  taken 
in  the  tow-net  and  in  dredgings  down,  to  150  fathoms  in  these  waters, 
but  the  above  five  represent  the  deep-sea  Antarctic  forms. 

Order  II. — Copepoda. 

The  only  undoubted  deep-sea  Copepod  is  Pontostratiotes  abyssicola^ 
Br.,  which  has  been  dredged  up  in  the  mud  from  a  depth  of  2200 
fa&oms,  but  not  in  our  area.  Caianus  princeps,  Br.,  Hemiccdaims 
aadeatus,  Br.,  Phyllopas  bidentatus,  Br.,  and  a  species  or  two  of 
Eudueta,  have  some  claims  to  be  considered  abysmal,  but  none  of 
them  have  been  recorded  from  the  Antarctic  region. 

Order  III. — Cirripedia. 

Of  the  Cirripedes  taken  by  the  GhuUf^nger  in  Southern  latitudes, 
Lepas  austrcUiB,  Darw.,  was  found  floating  on  seaweed  near  Prince 
Edward  Island.  According  to  Darwin  this  species  is  common  on 
Laminaria  throughout  the  whole  Antarctic  Ocean.  To  this  ocean  it 
is  confined  as  far  as  our  knowledge  goes.  It  is,  of  course,  not  a 
deep-sea  form,  but  worth  mentioning  as  peculiar  to  the  Antarctic, 
(i)  SealpeUum  carinatum,  Hoek,  was  described  from  specimens  taken 
near  Tristan  da  Cunha  from  a  rocky  bottom  some  1000  fathoms 
deep.  No  complemental  male  was  found,  (ii.)  Sc.  afncanum,  Hoek. 
(iil)  Se,  eximium,  Hoek,  and  (iv.)  Sc.  elongatum,  Hoek,  are  from  the 
same  locality,  (v.)  Sc.  recurvirostrum,  Ho^k,  was  taken  between 
Heard  and  Eerguelen  Islands  at  a  depth  of  150  fathoms.  Again  no 
complemental  males  were  found,     (vi.)  Sc.  brevicarinatum,  Hoek,  a 

typical  deep-sea  Cirriped,  was  taken  at  stations  146  and  147.    These 
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stations  were  close  together.  One  small  complemental  male  was 
found.  The  depth  was  1375  fathoms  in  the  one  case,  and  1600 
fathoms  in  the  other,  (vii.)  Sc,  antardicum,  Hoek,  is  the  most 
southern  species  taken  by  the  Challenger,  and  was  represented  by  a 
single  specimen.  It  was  dredged  at  station  153  at  a  depth  of  1675 
fathoms.  Very  like  it  is  (viii.)  So,  tenue,  Hoek,  taken  at  station  146 
and  at  a  depth  of  1375  fathoms.  Complemental  males  were  found 
in  this  species.  Another  new  species  (ix.),  8c.  fiavum,  Hoek,  was 
taken  at  the  same  spot. 

At  station  317,  near  the  Falklands,  four  specimens  of  Verruca 
ffibbosa,  the  largest  and  most  beautiful  of  the  deep-sea  species,  were 
taken.  Bcdarms  Icevis,  Brug.,  which  seems  to  be  peculiar  to  the 
Straits  of  Magellan,  was  dredged  from  a  muddy  bottom  some  10-15 
fathoms  deep.  Slightly  altered  forms,  however,  creep  up  the  western 
coast  of  America.  The  different  individuals  adhere  together,  and 
form  a  globular  mass,  (x.)  B.  corolUformis,  Hoek,  a  very  remarkable 
BcUanus,  with  an  allied  form  in  the  Faroe  Channel,  was  found  along 
with  Sc.  recurvirostrum,  and  its  shell  was  covered  by  an  encrusting 
growth  of  Polyzoa. 

Very  few,  if  any,  of  the  Rhizocephalous  Cirripeds  were  brought 
back  by  the  Challenger,  but  the  occurrence  of  Peltogaster  is  recorded 
in  the  naturalists'  book. 

It  has  been  pointed  out  that  the  occurrence  of  the  genera  Scalpdlum 
and  Verruca  in  the  great  depths  of  the  ocean  coincides  in  a  striking 
way  with  their  palaeontological  history  ;  but  on  the  other  hand  there 
is  no  instance  of  specific  identity,  and  the  oldest  known  fossil 
Cirripede  is  Follicipes,  which  is  not  known  from  any  great  depth.  It 
is  a  widely  distributed  littoral  form,  and  none  of  its  seven  species 
occur  at  a  greater  depth  than  10  fathoms. 


Order  IV. — Leptostraca. 

Until  the  Challenger  expedition,  this  extremely  interesting  order 
— which  occupies  an  intermediate  position  between  the  Entomostraca 
and  the  Malacostraca,  combining  in  its  members  some  of  the  charac- 
teristic features  of  each  sub-division — was  represented  by  the  single 
genus  Nebalia^  The  Challenger  added  two  new  genera,  Paranebalia 
and  Nebaliopsis,  to  the  order,  each  represented  by  a  single  specie^. 
(L)  Nebaliopsis,  typica,  Sars,  was  taken,  in  a  fragmentaiy  state,  at 
station  146  between  Prince  Edward  Island  and  the  Crozets.  It  is 
again  recorded  from  a  depth  of  2550  fathoms  from  station  289,  about 
midway  between  New  Zealand  and  ChilL 
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Order  V. — Schizopoda, 


The  Schizopods,  though  largely  pelagic,  have  many  abysmal  forms, 
some  of  which  have  lost  their  eyes,  and  some  are  phosphorescent 
They  are  usually  of  a  bright  red  colour,  which  contrasts  with  the 
pale  or  transparent  appearance  of  the  shallow-water  forms.     Loplio- 
gast€r  typiciis,  M.  Sars,  Lophogastridjs,  is  however,  a  true  bottom 
form,  never  found  at  the  surface,  and  was  taken  at  stations  141  and 
142  (just  outside  our  area),  but  not  from  depths  exceeding  150 
fathoms.     It  is  mentioned  here  as  a  striking  instance  of  a  species 
found  round  both  Poles,  but  unknown  from  intermediate  regions,  it 
having  been  recorded  from  the  Norwegian  seas  and  off  the  Shetlands, 
and  not  again   till  lat.  34°  S.      (i.)   Gnathophausia  ffigas,   Suhm. 
Part  of  the  moulted  skin  was  taken  at  station  157,  depth  1950 
fathoms,  and  a  single  specimen,  a  male,  measuring  142   mm.,  at 
station  61.     This  gigantic  size,  so  characteristic  of  deep-sea  Crus- 
tacea, is,  however,  surpassed  by  the  species  G,  ingens,  Dohrn ;  (ii.) 
Chalaraspis  alata,  Suhm,  Lophogastridjs;  this  species  was  founded 
on  drawings  and  notes  made  by  Willemoes-Suhm,  the  single  speci- 
men taken  having  been  lost      The  enormous  development  of  the 
carapace,  which  covers  a  good  part  of  the  tail,  is  its  most  striking 
peculiarity.     It  was  dredged  at  station  158.     At  the  same  station 
and  at  station  146  and  many  others  further  north,  was  dredged  (iii.) 
Eucapia  australis,  Dana,  the  single  genus  and  species  of  the  family 
EircornDjE,     Like  many  deep-sea  forms,  its  integument  is  extremely 
thin  and    soft,   in    fact,   membranous.      The   eyes   are  small  and 
apparently  defective.     It  is  a  very  widely  distributed  species.     Dr. 
Willemoes-Suhm  states  that  he  wa3  '*  almost  sure  to  get  at  least  a 
fragment  of  this  Crustacean  whenever,  in  the   Mid- Atlantic,  true 
deep-sea  mud  came  up  in  the  dredge  or  trawl."     It  is  the  commonest 
Schizopod  of  the  deep-sea  fauna,  and  is  met  with  at  all  depths  from 
350  to  2500  fathoms.     It  must  at  times   come  to  the  surface,  as 
Dana's  specimen,  on  which  the  genus  is  founded,  was  taken  from  the 
stomach  of  a  penguin  shot  in   the  Antarctic.      It  occurs  also  in 
Australian  waters  and  in  the  Pacific.     The  great  fragility  of  the 
skeleton  and  the  softness  of  the  body,  render  it  liable  to  damage  in 
the  dredge  or  trawl,  and  fragments  are  more  usually  met  with  than 
whole  animals,     (iv.)  Euphausia   murrayiy  M.  Sars,  Euphausiidje,  a 
large  species,  43  mm.  long,  was  taken  in  the  trawl  off  Kerguelen  at 
W)  great  depth,  96  fathoms,  and  again  at  station  154  near  the  ice 
harrier.      It  seems  to  be  confined  to  the  Southern  and  Antarctic 

Oceans,     (v.)  Bentheuphausia  amblyops,  G.    O.   Sars,  as   its   name 

s  1 
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implies,  another  deep-sea  species  of  the  same  family,  was  taken  at 
station  158  and  also  further  north.  It  seems  confined  to  the  abysses 
of  the  Antarctic  and  Southern  Seas,  (vi.)  Bareamysis  scyphops, 
G.  0.  Sars,  is  a  gigantic  member  of  the  family  Mtsidj^,  measuring 
85  mm.  in  length.  Its  eyes  are  very  degenerate,  without  a  trace  of 
pigment  or  "  visual  elements."  It  was  taken  at  stations  147,  157, 
158,  and  is  known  from  the  Arctic  Seas ;  thus  it  affords  another 
interesting  example  of  a  species  which  occurs* at  about  the  same 
latitude  north  and  south,  but  which  is  unknown  from  intermediate 
seas  ;  (vii.)  Amblyops  crozetii,  Suhm,  belongs  to  the  same  family,  and 
as  its  specific  name  indicates,  it  was  taken  near  the  Crozets  at  a 
considerable  depth,  1600  fathoms.  To  the  same  family  also  belongs 
(viii.)  Pseudomma  sarsii,  Suhm,  taken  at  the  most  southerly  dredging, 
station  153.  Other  specimens  of  the  species  were  taken  around 
Kerguelen,  but  in  much  shallower  water. 

Order  VI. — Stomatopoda. 
This  order  has  no  deep-sea  species. 

Order  VII. — Cumacea. 

Several  species  of  this  order  were  collected  in  the  neighbourhood 
of  Kerguelen,  but  none  at  a  greater  depth  than  150  fathoms.  A  few 
deep-sea  species  are  known — e.g.  Leucon  tenuirostris,  Sars,  and 
Eudordla  aiyssi,  Sars,  but  not  from  the  Antarctic. 

Order  VIII. — Decapoda. 

The  deep-sea  Decapoda  are,  as  a  rule,  characterised  by  blind- 
ness and  by  a  remarkable  spininess  both  of  the  carapace  and  of 
the  limbs.  The  antennae  and  limbs  are  in  many  cases  much  elon- 
gated, the  latter  being  sometimes  as  long  as  four  times  the  body 
length. 

Macrura.  Six  species  of  Macrurous  Decapods  were  taken  in  the 
Antarctic  area.  They  are  as  follows : — (i.)  PetcUiditim  foliaceumy  Sp. 
Bate,  belonging  to  the  family  Ssrgbstid^,  trawled  at  station  146  near 
Marion  Island,  and  again  at  station  159,  south  of  Australia,  (ii.) 
At  the  former  station  was  also  trawled  a  single  specimen  of 
Glyphocrangan  podager,  Sp.  Bate,  family  Nikidjb,  (iii.)  Also  at 
station  146,  specimens  of  Nematocarcinus  proximatus,  Sp.  Bate,  one 
of  the  Nematocarcinid^,  a  widely-distributed  species  found  again  off 
Valparaiso,  in  the  Arafura  Sea,  and  near  Yokohama,  (iv.)  Another 
species  of  the  same  genus,  N.  lanceopes,  Sp.  Bate,  was  trawled  at 
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Station  152,  the  females  of  which  have  very  large  eggs,  (v.) 
Hymtnodora  duplex,  Sp.  Bate,  of  the  family  Tropiocaridm,  was  taken 
at  station  147,  and  (vL)  If,  molliciUis,  Sp.  Bate,  at  stations  156  and 
167,  and  in  many  places  further  north.  Other  Macrurous  species 
were  dredged  in  the  regk)n,  but  from  shallow  depths. 

Anomura.  Two  divisions  of  Anomura,  the  Paguridea  and  the 
Oalatheidea,  are  true  bottom  forms,  and  are  numerously  represented 
in  the  abysses  of  the  ocean.  The  Paguridea,  according  to  the  Challenger 
Seport  on  the  Anomura,  yield  the  following  four  species  in  our  area : — 
(vii.)  LUhodes  murrayi,  Hend.,  belonging  to  the  family  Liteodidjs, 
waft  taken  at  station  145a  off  Marion  Island.  Depth  85-310  fiathoms, 
bottom  volcanic  sand,  (viii.)  Paralomis  aculeatus,  Hend.,  belongs  to 
the  same  family,  and  was  taken  at  the  same  locality  as  the  preceding. 
(ix.)  Parapagurus  dimorphus,  Studer,  belonging  to  the  family 
Parapaguridjk,  was  dredged  at  the  same  time  and  spot,  but  only  one 
specimen.  This  species  was  also  taken  further  north,  living  in  the 
sheUs  of  Murex  (Pseudomurex)  aedoniiis  and  Pleurotama  (Mangelia) 
aranthodes.  It  has  also  been  found  off  the  Cape  of  Gk)od  Hope  in  the 
shells  of  Btuxinum  parcatum.  (x.)  Pagurodes  iiiarmcUus,  Hend.,  of 
the  same  family,  was  taken  at  station  146,  from  1375  fathoms,  and 
again  off  New  Zealand,  where  it  lived  in  shells  of  Plev/rotoma  and 
NoMa. 

The  remaining  three  species  belong  to  the  division  Galatheidea 
and  to  the  family  Oalatheidjs  (xl)  Munida  spinosa,  Hend.,  taken  at 
station  145a,  is  a  strongly  spiny  form,  a  common  characteristic  of 
deep-sea  Crustacea.  This  species  was  also  taken  off  Rio  de  la  Plata. 
(xiL)  Munidopsis  svhsquamosa,  Hend.,  taken  at  station  146,  was  also 
dredged  west  of  Patagonia  and  off  Yokohama,  (xiii.)  Uroptychus 
imignis,  Hend.,  was  dredged  at  station  145a. 

Brachtura.  The  only  Brachyurous  Decapod  peculiar  to  the 
Antarctic  area,  as  defined  by  Dana,  is  Halicardnus  planatus 
(Fabricius),  belonging  to  the  family  Pjnnotbbridm.  It  occurs  very 
widely  throughout  the  Antarctic,  and  was  taken  near  Marion  Island 
at  a  depth  of  60-75  fathoms,  off  Prince  Edward  Island  at  a  depth 
of  85-150  fathoms,  and  in  rock-pools  at  Kerguelen.  It  extends  a 
good  deal  further  north.  It  is  not  a  deep-sea  form,  but  \b  mentioned 
because  it  is  confined  to  our  area. 

Order  IX. — Amphipoda. 

The  number  of  deep-sea  Amphipods  is  not  great.  Mr.  Stebbing 
states  ibat  there  is  little  doubt  the  Lanceola  pacijica,  Stebb.,  was 
taken  at  the  depth  of  2300  fathoms,  which  was  assigned  to  it  by  the 
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naturalists  on  the  Challenger,  Amphipods  occur  at  a  height  of 
13,300  feet  above  the  level  of  the  sea,  at  which  altitude  they  have 
been  collected  by  Mr.  Whymper  on  the  South  American  mountains. 
The  group  thus  covers  a  very  wide  vertical  area.  Of  the  thirty-five 
named  species,  almost  all  of  them  collected  by  the  ChcUlenger,  which 
have  a  more  or  less  doubtful  claim  to  have  come  from  depths  ex- 
ceeding 300  fathoms,  five  genera  represented  by  as  many  species,  all 
belonging  to  the  division  Gammarini,  and  all  species  found  for  the 
first  time  by  the  Challenger^  come  from  the  area  we  are  considering, 
(i.)  VcUettia  coheres,  Stebb.  One  specimen  only  was  trawled,  and  that 
at  station  166.  (ii.)  Andania  gigantea,  Stebb.  Two  specimens  only 
were  trawled,  one  at  station  146  and  one  at  station  147,  both  near 
Marion  Island.  The  specific  name  refers  to  the  great  size  of  this 
deep-sea  species,  which  attains  a  length  of  some  two  inches,  whereas 
the  earlier  known  forms  averaged  -j^^th  to  ^th  inch  in  length, 
(iii.)  (Ediceroides  dnderdla,  Stebb.  Two  specimens  taken  at  station 
317  near  the  Falkland  Islands,  (iv.)  Pleustes  abyssorum,  Stebb.  One 
specimen  only,  taken  at  station  147  with  the  A.  gigantea  mentioned 
just  above,  (v.)  Atylopsis  emarginatvs,  Stebb.  Dredged  at  station 
145a  ofT  Marion  Island. 

Order  X. — Isopoda. 

Few  groups  illustrate  so  fully  as  the  Isopoda  the  characteristics 
of  life  in  abysmal  depths.  Of  the  eleven  genem  peculiar  to  the 
deep  seas,  only  two  have  eyes ;  of  the  remaining  species,  seven  have 
shallow-water  representatives  with  fully-developed  eyes.  On  the 
other  hand  it  must  not  be  forgotten  that  some  deep-sea  forms  have 
well  developed  eyes,  and  further,  that  some  littoral  forms  are  blind. 
Again,  the  size  which  is  attained  by  the  deep-sea  forms  in  the  neigh- 
bourhood of  both  Poles  is  compared  with  the  meagre  proportions  of  the 
Isopods  of  our  coasts  simply  gigantic,  Bathynomus  giganteus  reaching 
a  length  of  nine  inches.  Corresponding  with  its  gi*eat  size  and  with 
the  conditions  of  its  surroundings,  this  animal  has  developed  special 
and  extensive  respiratory  organs.  B.  gigantmts  is  further  remarkable 
for  having  its  eyes,  which  are  immense,  with  some  four  thousand 
facets,  on  the  under  side  of  the  head,  looking  downward  and  not 
dorsally  placed  as  is  usual.  lolantlie  contains  several  very  lai'ge 
species,  and  at  least  two  of  the  genus  Scrolls  are  gigantic. 

A  great  development  of  spines  is  a  further  characteristic  feature 
of  deep-sea  Isopods.  This  peculiarity  is  recognised  by  the  frequent 
use  of  such  specific  names  as  spinosus,  spinifrons,  bi^nasum,  quudri- 
spinosuin,  etc.,  and  it  occurs  not  only  in  the  deep  sea,  but  in  Arctic 
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and  Antarctic  species  even  when  they  are  denizens  of  shallow  water. 
"  Spininess/'  in  fact,  seems  to  be  due  to  the  temperature  of  the  water, 
lather  than  to  the  bathymetric  distribution.  The  antennae  are  often 
of  enormous  length — e.g.  Munnopsis  australis — and  may,  to  some 
extent,  compensate  for  the  loss  of  eyes. 

The  following  Isopods  were  taken  in  the  Antarctic  seas: — (i.) 
lolanthe  (icantJumotv^,  Bedd.,  dredged  at  station  153.  This  species 
is  represented  by  a  single  female  specimen  that  was  made  the  type 
of  a  new  genus,  of  which  it  is  the  only  species.  Compared  with  its 
nearest  allies,  it  is  an  extremely  long  form,  and  is  notable  for  the 
immense  length  of  the  spiniform,  lateral  prolongations  of  its  thoracic 
segments.  Eyes  are  totally  absent.  It  and  the  next  following 
species  belong  to  the  family  Asellidjk,  (ii.)  lachnosoma  bacUhcSf 
Bedd.,  founded  on  a  fragment,  and  of  the  general  shape  of  a  BacUhis, 
or  stick-insect  It  was  taken  at  station  158  at  1800  fathoms,  bottom 
Ghbigerina  ooze.  The  next  six  species  belong  to  the  family 
MuNsopsiDJK.  (iii.)  Munnopm  attstralis,  Bedd.,  taken  at  station  147 
and  nowhere  else.  This  species  again  was  founded  on  a  single  speci- 
men. It  was  dredged  from  1600  fathoms  near  the  Crozet  Islands. 
The  body  measures  some  8  mm.  in  length,  but  the  antennae  attain  the 
enormous  length  of  36  mm.  The  body  has  a  very  extraordinary 
outline.  Eyes  apparently  are  absent,  (iv.)  Eurycope  sarsii,  Bedd. 
Two  specimens  were  taken  at  station  146  at  1375  fathoms,  and  three 
specimens  at  station  147  at  1600  fathoms.  In  all  five  the  limbs 
were  unfortunately  broken  ofif.  This  species  possesses  peculiar 
sensory  (?)  organs  on  the  edge  of  the  maxillipede.  (v).  K  fragilis^ 
Bedd.  Numerous  specimens  were  taken  at  four  stations,  of  which 
the  largest  was  taken  at  station  152  at  1260  fathoms.  Other  smaller 
specimens  were  dredged  at  stations  147  and  152,  and  again  in  the 
Pacific,  ofif  the  coast  of  Japan.  The  species  has  thus  a  wider  distri- 
bution than  any  other  member  of  the  genus,  except  (vi.)  E,  atlantica, 
a  fragment  of  which  is  somewhat  doubtful,  said  to  have  been  dredged 
at  station  147.  This  fragment  also  confirms  the  view  that  as  we 
approach  the  South  Pole,  the  size  tends  to  increase,  (vii.)  E.  spinosa, 
Bedd.,  taken  at  station  157,  and  nowhere  else,  was  founded  on  a 
fragmentary  specimen.  .  It  was  dredged  from  a  depth  of  1950 
fathoms,  and  seems  to  be  a  very  remarkable  form,  (viii)  Acanthocope 
spinicauda,  Bedd.,  taken  at  station  158  at  1800  fathoms.  Only  one 
specimen,  a  male,  was  dredged.  The  species  is  characterised  by  a 
long  spiniform  telson,  half  as  long  as  the  rest  of  the  body.  Appa- 
rently, during  life,  it  was  transparent,  as  are  many  members  of  this 
ftmily. 
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Four  species  of  the  family  Arcturidm  were  dredged  In  the  deep 
Antarctic  sea.  (ix.)  Arctv/nis  ghuyialis,  Bedd.,  taken  at  station  153 
close  to  the  Antarctic  ice-barrier,  the  southernmost  point  at  which  the 
Challenger  took  soundings.  The  depth  was  1675  fathoms.  It  agrees 
with  A.furccUtiSy  A.  spinomsy  and  A,  hrunneus  in  the  extraordinary 
development  of  spines  upon  the  carapace  and  limbs.  Only  one 
specimen  was  taken,  and  only  at  the  spot  mentioned,  (x.)  A.furcatus, 
Stud.  This  species  has  long  been  known.  It  occurs  in  considerable 
numbers  in  the  shallow  waters  around  Eerguelen  and  off  Heard 
Island,  and  it  was  dredged  from  1675  fathoms  at  station  158,  where 
tiie  bottom  is  of  blue  mud.  Its  occurrence  both  in  deep  and  shallow 
water  is  "most  unusual,"  and  worthy  of  note,  (xi)  A.  spinosus, 
Bedd.  Eight  females  and  three  males  were  taken  at  a  depth  of 
1375  fathoms  at  station  146.  (xii.)  A,  brunneus,  Bedd.,  of  a  dark 
brown,  almost  black  colour.  Taken  at  station  147 ;  two  males  and 
two  females ;  a  small  species,  the  largest  measuring  19  mm. 

A  special  monograph  was  devoted  to  the  members  of  the  genus 
SeroUs  collected  by  the  Chcdlenger.  The  following  species  were 
taken  from  the  depths  in  our  area : — (xiii)  SeroUs  antardica,  Bedd. 
TMs  species  is  blind.  It  was  taken  at  two  stations,  146  and  147, 
and  again  in  S.  latitude  9°  10'.  (xiv.)  S.  hrfymleyana^  Suhm,  is  the 
giant  of  the  genus,  reaching  a  length  in  the  male  of  54  mm.  It 
seems  to  be  a  variable  species.  Specimens  were  taken  at  station  156 
at  1975  fathoms,  from  a  bottom  of  Diatom  ooze,  and  from  three  other 
stations  further  north.  Many  other  species  of  Serolis  were  collected 
from  these  waters,  but  they  were  not  deep-sea  forms,  and  were  seldom 
found  deeper  than  100  fathoms. 

TYCNOGONIDA 

The  group  Pycno<Tonida,  or,  as  some  prefer  to  call  it,  Pantopoda, 
contains  some  deep-sea  species,  but  there  are  no  genera  of  which  it 
can  be  said  they  are  true  deep-sea  forms.  "As  a  rule,"  says  Hoek, 
"  the  deep-sea  species  are  slender,  the  legs  very  long  and  brittle,  and 
the  surface  of  the  body  smooth."  The  following  species  were  dredged 
in  the  sub-Antarctic  seas : — (i.)  Nymphon  hamatumy  Hoek,  taken  off 
the  Crozets,  at  stations  146  and  1-^7.  It  is  a  fine  and  beautiful 
species,  (ii.)  N.  meridionale,  Hoek.  A  single  specimen  of  this,  the 
most  southerly  Pycnogonid  described,  was  taken  at  station  153. 
Hoek  remarks  on  the  presence  of  normal  eyes  in  this  deep-sea  crea- 
ture. Several  other  species  of  Nymphon  were  taken  in  and  around 
Kerguelen,  but  at  no  great  depths,     (iii.)  Ascorhynchus  glaber,  Hoek, 
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taken  at  station  146.  (iv.)  Colossendeis  gigasy  Hoek,  a  gigantic  species, 
taken  at  the  same  time  as  the  preceding,  also  at  station  147,  and 
again  further  north,  in  lat.  33°  42'  S.  (v.)  A  more  slender  species, 
C,  leptorhynchus,  Hoek,  was  taken  in  the  same  localities  as  (iv.) 
(vi).  C.  giga84eptorhynchuH,  Hoek,  a  form  intermediate  between  (iv) 
and  (v.)  was  taken  at  station  158.  (vii.)  C.  gracilis,  Hoek,  an  eyeless 
form,  though  with  the  oculiferous  tubercle  persisting,  was  dredged  at 
stations  146  and  147.  (viii)  Phoxichilidium  pUosum,  Hoek,  a  very- 
hairy  Pycnogonid,  was  taken  at  stations  147  and  157.  It  represents 
the  arctic  deep-sea  forms  of  the  genus.  Two  other  species  occur  else- 
where at  abysmal  depths. 

Several  other  species  were  taken  round  Kerguelen,  but  cannot  be 
regarded  as  deep-sea  forms. 

MOLLUSCA. 
Class  I.  — Lamelubbakchuta. 

The  bivalves  of  the  deep  sea  are  said  by  Mr.  E.  A.  Smith  to 
"have  a  tendency  to  be  without  colour,  and  of  thin  structure." 
"The  species  were  apparently  few  in  number  in  comparison  with 
those  of  shallow  water;  and  new  and  peculiar  generic  forms  .  .  .  are 
of  even  still  rarer  occurrence."  In  this  respect  both  the  Lamelli- 
branchs  and  the  Grasteropoda  dredged  by  the  Challenger  proved 
disappointing. 

The  following  five  species  of  Lamellibranch  MoUusca  were  taken 
in  our  area  firom  the  depths: — (i.)  Pecten  pudicus,  E.  A.  S.,  from 
station  146,  of  the  family  Ficctinidjs,  (ii.)  Amuasium  meridionale, 
£.  A.  S.,  of  the  same  family,  and  taken  at  the  same  locality,  also  at 
stations  158  and,  outside  the  area,  302.  The  pigmented  ocelli  v^ere 
absent  from  the  mantle  edge  of  this  species,  (iii)  Lyonsiella  pajpy- 
raeea,  E.  A.  S.,  of  the  family  Asatinidm,  was  taken  at  station  157,  as 
were  the  two  remaining  species,  (iv.)  Silenia  sarsii,  E.  A.  S.,  an 
allied  form  of  the  same  family  ;  also  at  station  325  at  the  mouth  of 
the  Rio  de  la  Plata,  (v.)  Necera  {Cusjndaria)  meridianalis,  E.  A.  S.,  an 
excessively  thin-shelled  member  of  the  family  Cuspidariidjb,  was  also 
taken  in  our  area. 

Class  II.— Gasteropoda. 

No  IsoPLEUROUS  Gasteropoda  were  taken  at  any  very  great 
depths  in  the  Antarctic,  the  deepest  capture  being  perhaps  the  Chiton 
L^fidopleurui  dorsuosus^  Hadd.,  taken  at  station  145a«  at  310 
&thoins. 
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The  Anisopleurous  Gasteropoda  are  represented  by  the  follow* 
ing  forms : — (i.)  Fusus  (Neptunea)  setosus,  Wats.,  at  stations  146  and 
147,  with  a  thin,  white  shell,  (ii.)  F.  (Neptunea)  ccUathisms,  Wats., 
at  station  147,  is  possibly  the  same  species  as  the  preceding.  The 
genus  belongs  to  the  family  FasciolariipjS,  (iii.)  Pleurofoma 
(Surcula)  stcminea,  Wats.,  from  stations  146  and  149;  and  (iv.) 
P.  (Pleurotamella)  papj/racea,  Wats.,  from  station  147,  with  a  shell 
as  thin  and  delicate  as  tissue  paper,  belong  to  the  family  Coyiojg, 
They  are  so  far  typical  de^p-sea  forms  as  to  have  lost  their  eyes, 
(v.)  Guivillea  aJabastrina,  Wats.,  formed  the  type  of  a  new  genus  of 
the  family  Volutid^.  It  was  taken  at  station  147,  and  is  described 
as  "a  typical  Valuta.*'  Its  eyes,  though  present,  are  functionless, 
since  they  are  destitute  of  pigment,  and  the  retina,  lens  and  optic 
nerve  are  degenerate.  This  animal  is  said  to  be "  one  of  the 
greatest  MoUuscan  treasures  "  procured  by  the  Challenger.  Its  shell, 
some  six  inches  and  a  half  long,  is  as  white  as  alabaster,  (iv.)  Tro- 
chus  infundihulum,  Wats.,  of  the  family  TRocntuM,  taken  at  station 
146,  and  again  at  the  Bermudas.  This  animal  possesses  well 
developed  and  apparently  functional  eyes,  which  do  not  differ  from 
those  of  its  littoral  congeners.  This  is  an  exception  to  the  general 
rule,  that  deep-sea  Molluscs  have  no,  or  very  poorly  developed,  eyes. 

On  the  whole  the  Antarctic  fauna  illustrates  well  the  general 
view  that  Molluscs  from  the  deep  sea  are  of  moderate  or  smallish 
size,  with  thin,  delicate  and  fragile  shells.  In  colour  they  are  incon- 
spicuous, and,  as  a  rule,  pale  and  uninteresting.  They  axe  of  neces- 
sity carnivorous.     A  large  proportion  are  blind. 

Class  III. — SCAPHOPODA. 

No  species  was  taken  inside  our  area,  but  just  outside,  at  station 
160,  Dentalium  leptoskdcs,  Wats.,  was  dredged.  It  shows  a  deep-sea 
character  in  the  extreme  attenuation  of  its  shell. 

Class  IV. — Cephalopoda. 

Three  species,  belonging  to  as  many  genera  of  Cephalopods,  came 
up  with  the  trawl  after  a  deep  sounding  in  the  Antarctic  seas.  They 
were : — (i.)  CirroietUhis  magna,  Hoyle,  taken  at  station  146  and,  out- 
side the  area,  at  station  298,  off  Valparaiso,  of  the  family  Cirrotsu- 
THiDjs.  (ii.)  Bathyteuthis  ahyssicola,  Hoyle,  taken  at  station  147,  of 
the  family  Ommastrephidje.  (iii.)  Eledone  rotunda,  Hoyle,  from  sta- 
tion 157,  and  again  from  station  298,  outside  the  area>  belongs  to  the 
family  Octopodid^. 
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The  first  two  named  belong  to  families  which  are  regarded  as 
"entirely  abysmal,"  but  tliey  possess  no  striking  characteristics 
associated  with  a  life  passed  in  the  abysses  of  the  ocean. 


ECHINODEEMA. 

Class  I.— ASTEROIDEA. 

Star-fishes  are  very  numerous  in  the  depths.  The  Challenger 
captured  109  species  from  a  depth  of  over  500  fathoms,  and  the 
number  of  specimens  taken  at  a  single  haul  was  often  very  large. 
The  Asteroids  mentioned  below  were  taken  in  the  sub-Antarctic 
Ocean  at  a  depth  of  at  least  500  fathoms.  Many  other  species  were 
collected  in  the  same  area,  but  from  a  lesser  depth. 

(l)   Fararchaster  pedidfer,  Slad.,  of    the   family  Archasterid^, 
taken  at  station  147  and  again  further  north  at  station  143.     (ii.)  P. 
antardicuSy  Slad.,  taken  at  the  southernmost  dredging-station  153. 
(iii)  Pontaster  forcipatus,  Slad.,  of  the  same  family,  taken  at  station 
146.    This  is  regarded  by  Sladen  as  a  variety  called  ecJdncUa  of  the 
species,  well  known  from  the  deep  seas  off  the  N.E.  coast  of  Canada  and 
the  United  States.     It  is  not  known  from  intermediate  regions,   (iv.) 
Lonchotaster  fardpifer,  Slad.,  also  belongs  to  the  family  Archasteridjs, 
It  was   taken  at  stations   156   and   157,  and  is  nearly  allied  to 
Z.  tartareus,  Slad.,  of  the  deep  water  off  the  West  Coast  of  Africa, 
(vi)  Chitonaster  cataphractuSy  Slad.,  one  of  the  PENTAooyASTERiD^,  was 
taken  at  station  156.     (vii.)  Poi'ania  antardlca,  Smith,  one  of  the 
family  Gtmnasteriidje,  was   dredged   at   stations  145  and  147,  and 
(viii.)  P.  spiculata,  Slad.,  at  stations  150  and  151,  and  again  off  the 
Arrou  Islands.     The  genus  Hymenastcr,  of  the  family  Pterastrridjr, 
is  represented  most  fully  in  the  abysms  of  the  sub- Antarctic  seas. 
The  following  species  occur : — (ix.)  H.  graniferusy  Slad.,  a  very  distinct 
form,  was  dredged  at  station  146  ;  (x.)  H.  coccinatus,  Slad.,  at  the  same 
station ;   (xi.)  H.  prccwquis,  Slad.,  at  stations  146  and   147 ;    (xii.) 
H,  latebrosuSy  Slad.,  at  station  157  ;  (xiii.)  H,  noUlis,  Wyv.  Th.,  by  far 
the  largest  species  known,  was  dredged  at  station  158 ;  (xiv.)  H.for- 
moms,  Slad.,  at  the  same  station ;   (xv.)  H,  sacculahis,  Slad.,  at  the 
same  station ;  (xvi.)  H,  cmlatusy  Slad.,  a  very  handsome  species,  at  the 
same  station ;  and  (xvii.)  H.  crueifer,  Slad.,  at  the  same  station.     The 
funily  Brisii^gidjk,  peculiarly  a  deep-sea  one,  with  many  species  of  a 
oniformly  abysmal  habit,  and   often   phosphorescent,  includes  the 
foUowing  three  genera : — (xviii.)  Labidiaster  annulatusy  Slad.,  from 
stitions  149,  150  and  151,  and  again  from  the  neighbourhood  of  the 
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Atvoh  Islands.  It  seems  commoner  in  the  shallower  seas  than  at 
great  depths,  (xix.)  Brisinga  membranacea,  Slad.,  a  form  remarkable 
for  the  extremely  delicate  and  rudimentary  character  of  the  abactinal 
skeleton,  was  taken  at  stations  146  and  147 ;  and  (xx.)  Freyella 
fragUissima,  Slad.,  from  stations  146  and  156. 

Class  II. — Ophiuroidea. 

The  following  species  of  Ophiuroids  were  taken  from  depths 
exceeding  1500  fathoms  in  the  Antarctic  seas: — (i)  Ophioglypha 
loveni,  Ljm.,  belonging  to  the  family  Ophiolspididjk,  at  stations  146, 
147,  157,  158,  160,  an  essentially  Antarctic  form ;  (il)  0.  lienosa, 
Lym.,  from  station  157;  (iii.)  O.fratema,  Lym.,  from  station  157; 
(iv.)  0.  minuta,  Lym.,  from  stations  146  and  158 ;  (v.)  0.  Uicaaei, 
Lym.,  from  stations  160  and  (outside  the  area)  299  ;  (vi)  Ophiemus 
vallincola,  Lym.,  from  stations  146  and  156,  and  outside  the  area 
station  76,  belongs  to  the  same  family;  (viL)  Ophiocten  amitinum, 
Lym.,  from  stations  146,  152  and  157,  belongs  to  the  same  family ; 
(viiL)  Ophiocten  hustatu/m,  Lym.,  from  station  146  and  (outside  the 
area)  78  and  168 ;  (ix.)  Ophiocten  pallidum,  Lym.,  from  stations  156 
and  160.  (x.)  Ophiomitra  sarsii,  Lym.,  from  station  146,  belongs  to 
the  {smily  Ampeiuridjk;  (xi)  Ophiacantha  cosmica,  Lym.,  from  stations 
146,  147, 153,  156,  157,  158,  and  many  others  south  of  the  equatbr, 
belongs  to  the  same  family.  The  last  named  species  is  very  widely 
distributed  in  the  Southern  Hemisphere;  (xiL)  Ophiolebes  scorteusy 
Lym.,  from  stations  146  and  147,  belongs  to  the  same  feunily ;  (xiii.) 
Amphiura  patiUa,  Lym.,  from  station  156 ;  and  (xiv.)  Ophioplinthus 
medusa,  Lym.,  from  station  156,  belongs  to  the  family  Opeiolepididjk; 
(xv.)  Ophioplinthus  grisea,  Lym.,  from  station  156 ;  (xvi)  Ophio- 
cymbium  cavermosum,  Lym.,  from  station  157.  This  species  belongs 
to  the  family  Amphwridjb, 

Class  III.— ECHINOIDEA. 

The  deep-sea  Echinoids  have  a  markedly  antique  character, 
especially  resembling  the  fossils  of  the  Cretaceous  formations.  This 
feature,  which  is  further  emphasised  by  the  Crinoid  Hyocrinus,  a 
deep-sea  form,  the  only  living  representative  of  its  genus,  has  been 
thoroughly  described  by  Agassiz. 

Of  the  50  abyssal  species,  nine  (all  belonging  to  allied  families) 
occur  in  sub- Antarctic  waters,  and  they  include  the  strange  Spatago- 
eystis,  Echinoerepis  and  Oenicopatagus,  all  of  them  characteristic  of 
the  Southern  seas.    These  Antarctic  species  are  further  peculiar  in 


ABYSMAL  FAUNA.  269 

that  they  are  found  at  great  distances  from  large  bodies  of  land. 
As  a  rule  Echinoids  tend  to  disappear  at  comparatively  short  distances 
from  land  in  other  parts  of  the  world. 

(L)  PourtoUesia  carinata,  Agass.,  taken  at  both  station  147  and 
157,  and  also  at  station  298  further  north,  (ii.)  P.  ceratopyga,  Agass., 
at  station  157,  and  outside  our  area  at  stations  298  and  299.  (iii.) 
P.  higpida,  Agass.,  at  stations  147  and  156.  To  the  same  family  as 
the  preceding,  the  Pourtaleshdjc,  belong  the  next  two  species.  The 
fEunily,  as  is  not  uncommon  in  abyssal  forms,  is  characterised  by  the 
extreme  fragility  of  the  test,  which  renders  their  preservation  diffi- 
cult. The  species  also  exhibit  a  high  degree  of  variability,  which 
renders  their  determination  a  matter  of  difficulty  and  doubt,  (iv.) 
SpatagocyBtis  challengeri,  Agass.,  from  stations  147  and  157.  (v.) 
Eckinocrepis  cunecUa,  Agass.,  two  specimens  were  taken  at  station  147. 
(vi)  Urechinus  naresiunus,  Agass.,  of  the  family  Ecbinocorythidjs, 
was  dredged  at  stations  146,  147,  158  and  again  further  north  at 
station  302.  (vii.)  Ct/stechinus  vesica,  Agass.,  "  the  only  Spatangoid 
dius  far  known  which  can  contract  and  expand  its  chest,"  was  taken 
at  the  most  southern  station,  153,  as  well  as  further  north  at  stations 
298  and  299.  (viii.)  C.  v^yvillii,  Agass.,  at  stations  146,  147, 158,  and 
outside  the  area  at  stations  296,  298,  299.  This  genus  also  belongs 
to  the  family  Ecuinocortteid^,  but  the  last  species,  (ix.)  Genico- 
pcUagus  afinis,  Agass.,  taken  at  station  157,  is  grouped  with  the 
fiunily  Spatanoidjs, 

Class  IV.— Crinoidea. 

The  deep-sea  Crinoids  are  of  extreme  interest,  inasmuch  as  many 
of  the  forms  are  stalked,  and  thus  permanently  represent  a  stage 
passed  through  in  the  larval  life-history  of  the  unstalked  forms,  and 
they  also  form  the  modem  survivals  of  what  was  in  past  ages  a  very 
large  group.  The  fossil  stalked  Crinoids  abounded  even  in  such 
remote  epochs  as  the  Cambrian  and  Silurian,  and  their  remains  bear 
evidence  of  the  enormous  number  that  once  lived.  The  following 
five  species  of  unstalked  Crinoids,  belonging  to  the  family 
CoMATtruDjK,  were  taken  at  deep-sea  depths  in  the  sub-Antarctic 
waters: — (L)  Antedon  abyssorum,  Carp.,  taken  at  station  147.  (ii.) 
A.  bispinosa,  Carp.,  at  the  same  station,  (iii.)  A.  remota,  at  the  same 
station,  (iv.)  PromcLchocrinus  abyssorum,  Carp.,  from  stations  147 
and  158.  (v.)  ThaumaiocrintLS  renovatiis,  Carp.,  a  mutilated  and 
probably  young  specimen,  from  station  158.  Of  the  stalked 
farms,  (vi)  Bathycriniis  aldrichianns,  Wyv.  Th.,  belongs  to  an 
Msentially  deep-sea    genus.      It    is    a    member    of   the    family 
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BouRGUETicRiyiDJE,  and  was  taken  at  stations  146  and  147  and  else- 
where :  in  fact  it  seems  to  be  widely  distributed  in  the  Atlantic  and 
Southern  seas.  It  occurred  in  considerable  numbers,  and  this  is, 
indeed,  a  characteristic  of  its  family,  (vii)  Hyocrinus  ietheUianus^ 
Wyv.  TL,  the  sole  living  representative  of  the  genus,  "belongs  to 
another  essentially  abysmal  genus  and  to  the  family  Htocrinidm. 
It  was  taken  at  station  147,  and  possibly  again  near  the  equator. 
It  thus  appears  that  of  the  thirteen  species  of  stalked  Crinoids 
known  from  abysmal  depths,  but  two  are  recorded  from  sub- 
Antarctic  seas.  A  fair  number  of  shallow-sea  forms  were  also  taken 
in  this  region. 

Class   v.— HOLOTHURIOIDEA. 

This  group  plays  a  large  part  in  the  Zoology  of  the  deep  sea. 
Here  it  is  not  the  case  of  an  isolated  species  or  genus  adopting  the 
depths  of  the  ocean  as  its  habitat,  but  a  large  group,  regarded  by  Th^el 
as  a  third  division  equivalent  to  the  Apoda  and  Pedata  (into  which, 
until  the  date  of  the  Challenger  investigations,  the  Holothurioidea  were 
divided),  live  as  true  deep-sea  forms,  and  live  nowhere  else.  This 
group  Th6el  called  the  Elasipoda.  More  modem  classification  places 
the  members  of  the  group  in  the  family  Elpidud^,  one  of  the  six  which 
together  constitute  the  Order.  The  Elpidiidje  not  only  occur  in  a 
great  number  of  species  which  increase  in  numbers  from  50  fathoms 
down  to  2900,  but  the  number  of  individuals  is  also  large,  and  they 
probably  form  a  considerable  proportion  of  the  population  at  great 
depths.  They  are  very  diverse  in  appearance,  and  often  bizarre  in 
shape,  unlike  more  typical  Holothuroids.  They  tend  to  lose  their 
radial  symmetry,  and  become  flattened,  or  even  concave,  ventrally, 
and  roimded  above.  The  body  is  often  produced  laterally  into  a 
flattened  rim,  which  may  have  local  extensions.  Tube  feet  occur 
only  on  the  ventral  radii,  and  are  often  paired,  giving  the  animal  an 
appearance  of  segmentation. 

The  following  species  occurred  in  the  sub- Antarctic  area: — 
(i.)  Fsychropoies  loveni,  Th.,  at  station  14G ;  (ii.)  P.  longuauda,  Th., 
at  stations  156  and  157  in  our  area,  and  at  station  298  further  north. 
It  seems  to  be  a  variable  species,  and  attained  in  one  instance  the 
gigantic  length  of  260  mm.  (iii.)  Oneirophanta  mutabilis,  Th.,  at 
stations  146,  157,  160  and,  outside  the  area  at  stations  244,  281, 
299,  325.  A  widely  distributed  and  very  abundant  form,  (iv.) 
Eljridia  purpurea,  Th.,  one  specimen  from  station  146  and  one  from 
station  157.  (v.)  E.  ivilksmocsiy  Th.,  one  complete  and  three  injured 
specimens  from  station  156.     (vi.)  E.  incerta,  Th.,  four  incomplete 
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specimens  from  station  152.  (vii.)  E,  ambiguay  Th.,  two  injured 
specimens  from  station  157.  (viiL)  E.  gladalis,  Th.,  station  160.  A 
number  of  this  species  are  also  known  from  the  Kara  Sea  and  the 
North  Atlantic,  but  in  much  shallower  water,  (ix.)  Peniagone  affinis, 
Th.,  from  station  147,  numerous  specimens,  (x.)  P.  horrifer,  Th.,  a 
single  incomplete  specimen  from  station  157.  (xi.)  P.  nared,  Th., 
one  incomplete  specimen  from  station  158.  (xii.)  P.  diallengeri^  Th., 
two  specimens  from  the  same  station,  (xiii)  P.  airox,  Th.,  one 
damaged  example  from  station  160.  (xiv.)  AMyonice  lactea,  Th., 
four  specimens  from  station  147.  (xv.)  Lastmogone  tm/ville'thomsoni, 
Th.,  from  stations  147  and  158,  and  outside  the  area,  from  stations 
232  and  300.  This  is  a  very  abundant  species,  (xvi.)  Scotoplanes 
murrayi,  Th.,  one  specimen  from  station  152.  (xvii.)  S.  insignis,  Th., 
one  specimen  from  station  156.  (xviii.)  S,  globosa,  Th.,  from  station 
157  and,  outside  the  area,  from  station  299.  (xix.)  S.  robtcsta,  Th., 
from  station  157;  only  one  specimen,  (xx.)  S.  rtwllis,  Th.,  one 
specimen  from  station  160.  (xxi).  Benthodytcs  sordida,  Th.,  from 
stations  156,  157, 158  and,  outside  the  area,  from  station  298.  (xxii.) 
B.  mnguinolenta,  Th.,  from  stations  158  and  160,  and  outside  tlie 
area,  from  station  298.  (xxiii)  Scotoanassa  diaphana,  Th.,  from  sta- 
tion 160. 

Besides  the  family  Elpidiidce,  which  are  essentially  and  only 
deep-sea  forms,  and  must  have  taken  up  their  position  in  the  depths 
countless  ages  ago,  certain  other  Holothuroids,  belonging  to  shallow- 
water  forms,  have  more  recently  made  their  way  to  the  depths,  but 
these  have,  so  far,  undergone  but  little  structural  alteration.  They 
include  a  very  few  Antarctic  forms : — (xxiv.)  Sticlio'pus  cJiallengcri, 
Th.,  of  the  family  Holothuriidjb,  taken  at  station  148.  (xxv.)  Tro- 
thoUoma  in^olaccum,  Stud.,  from  Kerguelen,  at  no  great  depths. 
(xxvi.)  Pseudostichopus  villosus,  Th.,  from  stations  146,  147,  156, 
157,  and  from  numerous  localities  outside  the  area.  The  last  two 
aie  members  of  the  family  Molpaduu^, 

TUNICATA. 

ASCIDIACEA. 

AsciDiiE  SiMPLiCES. — The  following  simple  Ascidians  were  taken 
within  our  area: — (i.)  Cideolus  rccumbenSy  Herdm.,  a  species  with  a 
small  body  and  a  long  "  peduncle  *'  or  stalk,  very  flexible,  like  a  piece 
of  string,  ending  in  a  tangle  of  filaments  wliich  root  it  to  the  mud. 
Test  thin  and  tough,  coated  with  Foraminifera.  Calcareous  spicules 
Jii  branchial  sac.    Taken  at  station  146.     (ii.)  C.  perlucidus,  Herdm., 
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with  a  stiffer  peduncle,  which  is  quite  transparent,  and  looks  like 
glass.  Taken  at  station  147.  (iil)  Fung'idus  dnereus,  Herdm.,  a  club- 
like species,  small.  Taken  at  station  147.  One  specimen  only  was 
captured,  the  type  of  a  new  genus  and  species,  (iv.)  Baihyoncus 
miraiilisj  Herd.,  from  station  147,  is  founded  on  a  single  specimen. 
This  species  is  allied  to  Styda,  but  differs  in  the  structure  of  its 
branchial  sac,  in  which  feature  it  approaches  Ouleoltis  and  FungrdiLs. 
(v.)  A  form  Styda  sericata,  Herdm.,  taken  at  station  157,  resembles  a 
silkworm's  cocoon,  encrusted  with  grains  of  sand,  Diatoms,  etc.  The 
preceding  forms  all  belong  to  the  family  Ctnthudje,  Two  genera  of 
the  family  Ascidhdm  were  found.  (vL)  Corynascidia  suhmi,  Herdm., 
the  only  stalked  member  of  its  family ;  the  body  is  pyramidal  or 
pear-shaped;  the  branchial  sac  is  peculiar,  and  as  delicate  as  a 
spider's  web.  It  was  taken  at  station  146,  and  again,  outside  the 
area,  at  station  299.  (viL)  Abyssascidia  vasculosa^  Herdm.,  taken  at 
station  157.  The  other  two  families  of  Simple  Ascidians,  the  Molov- 
L//>^and  Clavblinidjb,  are  unrepresented  in  our  area.  The  latter,  in 
fact,  are  never  deep-sea  forms. 

AsciDiiE  CoMPOsrr-fi. — The  only  genus  of  Compound  Ascidian 
which  extends  to  a  greater  depth  than  1000  fathoms  is  Pharyngodie- 
tyon,  belonging  to  the  family  Poltclinid^.  (viii.)  Pharyngodictyan 
mirdbile,  Herd.,  is  extremely  interesting,  as,  although  a  compound 
form,  its  branchial  sac  differs  from  that  of  all  other  Compound  Asci- 
dians, and  exactly  resembles  that  of  the  deep-sea  genera  of  Simple 
Ascidians,  Culeolm,  FuTigvlus  and  Bathyoncus,  The  colony  had  a 
curious  mushroom-like  shape.     It  was  taken  at  station  147. 

The  deep-sea  Tunicata,  as  is  mentioned  above,  show  very  clearly 
two  of  the  modifications  often  met  with  in  bathybial  forms.  One  is 
the  development  of  a  stalk,  which  is  well  shown  in  Culeolus  and 
FunguluSt  and  to  mention  a  species  outside  the  Tunicata,  in  the  Pen- 
natulid  Umhdlula ;  and  the  second  is  a  marked  modification  of  the 
breathing  organs  shown  both  in  the  Simple  and  Compound  Asci- 
dians and  in  many  deep-sea  forms  outside  the  Tunicata. 


LIST  OF   STATIONS   IN   THE  AKEA  DESCRIBED. 

Station  144. — Cape  of  Good  Hope  to  Marion  Island. 

Lat.  45°  57'  S.,  long.  34°  39'  K 
Temp,  of  water.     Surface  43° '0. 

Bottom  35° -8. 
Depth,  1570  fathoms;  deposit,  Olobigerina  Ooze,  containing  92*34 
per  cent,  of  carbonate  of  lime. 
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Station  145,  145a. — Off  Marion  and  Prince  Edward  Islands. 

Off  Marion  and  Prince  Edward  Islands. 
Temp,  of  water.    Surface  41^*5. 
DepUi,  50-310  fathoms. 

Station  146. — Marion  Islands  to  Crozet  Islands. 

Lat  46°  46'  S.,  long.  45°  31'  R 
Temp,  of  water.    Surface  43°  *0. 

Bottom  35° -6. 
Depth,  1375  fathoms;  deposit,  Globigerina  Ooze,  containing  86*36 
per  cent,  of  carbonate  of  lime. 

Station  147. — Marion  Island  to  Crozet  Islands. 

Lat  46°  16'  S.,  long.  48°  27'  E. 
Temp,  of  water.     Surface  4 1  °  •  0. 

Bottom  34° -2. 
Depth,  1600  fathoms;  deposit.  Diatom  Ooze,  containing  34*63  per 
cent  of  carbonate  of  lime. 

Station  148,  148a.— -Off  Crozet  Islands. 

Temp,  of  water.     Surface  41° '0. 
Depth,  210-550  fathoms. 

Station  149.— Off  Kerguelen  Island. 

Depth,  20-150  fathoms ;  deposit,  Green  Mud,  containing  about  1  per 
cent  of  carbonate  of  lime. 

Station  150. — Between  Kerguelen  and  Heard  Islands. 

Lat  62°  4'  S.,  long.  71°  22'  R 
Temp,  of  water.    Surface  37°' 5. 

Bottom  35° -2. 
Depth,  150  fathoms ;  deposit,  Coarse  Gravel,  containing  about  20  per 
cent  of  carbonate  of  lime. 

Sution  151.— Off  Heard  Island. 

Lat  52°  59'  30"  S.,  long.  73°  33'  30"  E 
Temp,  of  water.     Surface  36°*  2. 

Depth,  75  fathoms;  deposit,  Volcanic  Sand,  containing  2*58  per 
cent  of  carbonate  of  lime. 

Station  152. — Near  Antarctic  Ice. 

Lat  60°  52'  &,  long.  80°  20'  K 

Temp,  of  water.    Surface  34°*  5. 

Depth,  1260  fathoms;  deposit,  Diatom  Ooze,  containing  22*47  per 
cent  of  carbonate  of  lime,  and  pebbles  of  granite  and  sand- 
stone. 

T 
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Station  153. — ^Near  Antarctic  Ice. 

Lat.  65°  42'  S.,  long.  79°  49'  E 
Temp,  of  water.    Surface  29°  -5. 

Bottom  33°  0. 
Depth,  1675  fathoms;  deposit,  Blue  Mud,  containing  3*50  per  cent, 
of  carbonate  of  lime,  and  many  rocks  and  pebbles. 

Station  154. — Near  Antarctic  Ice. 

Lat.  64°  37'  S.,  long.  85°  49'  K 
Temp,  of  water.     Surface  32° '0. 

Bottom  33° -0. 
Depth,  1800  fathoms ;  deposit.  Blue  Mud,  containing  1  per  cent,  of 
carbonate  of  lime. 

Station  156. — Near  Antarctic  Ice. 

Lat.  62°  26'  S.,  long.  95°  44'  E 
Temp,  of  water.    Surface  33° '0. 

Bottom  31°- 3. 
Depth,  1975  fathoms;  deposit.  Diatom  Oose,  containing  2*08  per 
cent,  of  carbonate  of  lim& 

Station  157. — ^Termination  Land  to  Melbourne. 

Lat.  53°  55  S.,  long.  108°  35'  E 
Temp,  of  water.    Surface  37°  •  2. 

Bottom  32° -2. 
Depth,  1950  fathoms;  deposit^  Diatom  Ooze,  containing  19*29  per 
cent,  of  carbonate  of  lime. 

Station  158. — Termination  Land  to  Melbourne. 

Lat  50°  1'  S.,  long.  123°  4'  E 
Temp,  of  water.     Surface  45°  *0. 

Bottom  33° -5. 
Depth,  1800  fathoms;  deposit,  Olobigerina  Ooze,  containing  85*31 
per  cent,  of  carbonate  of  lime. 

Station  159. — Termination  Land  to  Melbourne. 

Lat.  47°  25'  S.,  long.  130°  22'  E 
Temp,  of  water.     Surface  51°*  5. 

Bottom  34° -5. 
Depth,  2150  fathoms ;  deposit,  Globigerina  Ooze,  containing  87  *  90 
per  cent,  of  carbonate  of  lime. 
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LIST  OF  STATIONS  OUTSIDE  THE  AREA   DESCRIBED, 

With  their  Positions. 


Statkm. 

Lai 

Long. 

Station. 

Lat 

Long. 

13. 

2V  38'  N. 

44°  39'  W. 

281. 

22°  21'  S. 

150°  17'  W. 

56. 

Off  the  Bermudas. 

289. 

39°  41'  S. 

131°  23'  \V. 

76. 

38MrN. 

27°    9'W. 

296. 

38°    6'S. 

88°    2'W. 

78. 

37°  26'  N. 

25°  13'  W. 

298. 

34°    7'S. 

73°  56'  W. 

122. 

9**    5'S. 

34°  50*  W. 

299. 

33°  31'  S. 

74°  43'  W. 

141. 

34°  41'  S. 

18°  36'  R 

300. 

33°  42'  S. 

78°  18'  W. 

142. 

35^    4'S. 

18°  37'  E. 

302. 

42°  43'  S. 

82°  11'  W. 

143. 

36°  48'  S. 

19°  24'  E. 

303. 

45°  31'  S. 

78°    9'W. 

160. 

42°  42*  S. 

134°  10*  K 

305a. 

47°  47'  S. 

74°  47'  W. 

168. 

40°  28'  S. 

177°  43'  E 

317. 

48°  37'  S. 

55°  17'  W. 

195. 

4°  21'  S. 

129°    7'  E 

318. 

42°  32'  S. 

56°  29'  W. 

232. 

35°  11'  N. 

139°  28'  E. 

320. 

37°  17'  S. 

53°  52'  W. 

237. 

34°  37'  N. 

140°  32'  E 

323. 

35°  39'  S. 

50°  47'  W. 

244. 

35°  22'  N. 

169°  53'  E 

325. 

36°  44'  S. 

46°  16'  W. 

t2 


276  THE  ANTARCTIC  MANUAL. 


XIX. 
ZOOLOGY: 

KERGUELEN  ISLAND:  AN  INTRODUCTION  TO 

ANTABCTIG  ZOOLOGY. 

By  Professor  D'Arcy  Wentworth  Thompson,  C.B. 

The  present  moment  is  inopportune  for  the  writing  of  a  fresh  account 
of  the  fauna  of  the  Southern  Ocean.  The  rich  results  of  the  Valdivia 
and  Belgica  remain  unpublished,  or  have  been  described  only  in  a  brief 
and  fragmentary  way,  and  we  are  accordingly  thrown  back  on  older 
records,  and  facts  that  have  been  more  or  less  familiar  to  us,  knowing 
all  the  while  that  material  is  already  in  hand  for  a  great  extension  of 
our  knowledge.  I  have  confined  myself,  in  the  following  article,  to  an 
account  of  the  Kerguelen  area,  for  which  the  Challenger  expedition  and 
the  British,  American  and  German  Transit  of  Venus  expeditions  brought 
home  a  copious  fauna.  This  Kerguelen  fauna  is  not  strictly  speaking 
an  Antarctic,  but  only  a  sub- Antarctic  one,  and  such  first-fruits  as  we 
have  of  the  new  knowledge  now  begin  to  teach  us  that  the  Antarctic 
Ocean  contains  other  faunistic  elements  unrepresented  in  the  latitude 
of  Kerguelen ;  but  so  little  of  this  new  knowledge  is  yet  available 
that  I  have  perforce  confined  myself  within  the  aforesaid  limits. 

Kerguelen  forms  the  lofty  crest,  and  its  neighbour.  Heard  Island, 
the  less  elevated  spur,  of  a  plateau  which  rises  to  a  depth  of  100  to 
150  fathoms  out  of  the  deep  waters  of  the  ocean ;  the  latter,  to  the 
south  and  west,  is  about  1500  fathoms  deep,  somewhat  deeper, 
towards  2000  fathoms,  to  the  eeistward,  and  descends  north  of  the 
islands  of  St.  Paul  and  Amsterdam  into  the  still  greater  depths  of 
the  Indian  Ocean.* 

*  Tlie  followiog  dewription  of  the  Kerguelen  coast  is  maioly  drawn  from  Studer's 
excellent  account  in  '  Die  Forsohungsreise  8.M.S.  Grazelle, '  part  iU.  1889 ;  the  zoological 
account  is  compiled  from  Studer,  from  the  Challenger  Reports,  the  Reports  of  the 
British  and  American  Transit  of  Venus  expeditions,  and  other  sources.  A  general  likt 
of  the  Antarctic  and  sub-Antarctic  fauna  is  given  by  Pfeffer  in  the  '  Ergebnine  der 
Deutschen  Polar-Expeditionen/  Allgem.  Tbeil,  Bd.  ii.  17.  The  reader  is  also  referred 
to  Sir  John  Murray's  elaborate  paper  on  the  connection  between  the  Antarctic  and 
Arctic  faunas  in  t!ie  Trant.  It.  8oc.  Edin. 
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On  this  island-plateau  we  have  (1)  a  narrow  weather-beaten  shore, 

that  is  for  the  most  part  represented  by  a  basaltio  ledge,  and  only 

here  and  there,  as  at  Accessible  Bay,  expands  into  a  broader  beach ; 

(2)  a  zone  of  red  Floridese,  that  occupies  the  interval  between  this  first 

ledge  and  a  second  which  juts  out  immediately  below  it  at  a  depth  of 

one  to  two  fathoms  ;  (3)  next  in  order,  and  four  to  six  fathoms  deeper 

down,  is  a  broader  "  laminarian  "  zone,  where  a  forest  of  Macrocystis 

glows  rooted  to  basaltic  blocks  lying  loose  in  mud.    These  submerged 

terraces,  which  are  simply  the  lower  members  of  the  basaltic  steps 

that  reach  to  the  flat-topped  summits  of  the  hills,  are  smoothed  away 

to  a  more  gradual  slope  in  the  various  fjords,  where  a  sandy  beach 

passes  gradually  at  about  twenty  paces  from  the  shore  into  the  black 

basaltic  mud.     (4)  Lastly,  we  have  the  great  muddy  area  of  the 

plateau  itself,  the  mud  being  intermixed  to  a  very  large  extent,  and 

more  and  more  as  we  recede  from  the  island,  with  the  siliceous 

remains  of  Diatoms  and  Hexactinellids. 

1.  In  the  first  area,  the  narrow  tidal  tract  presents  a  poverty- 
stricken  fauna.     On  the  rocks  are  clusters  of  small  mussels,  ascribed 
by  K  A«  Smith,  Studer  and  others  to  MytUus  edulis,  L.,  but  by  Dall 
to  M.  cafudictUus,  Hanley.     They  deserve  to  be  collected  in  quantity, 
here  and  elsewhere ;  for  the  Mytili  of  Chile,  the  Falklands  and  New 
Zealand  are  all  closely  allied,  and  offer,  as  indeed  they  do  in  all  other 
seas,  an  interesting  problem  in  variation.    The  soft  parts  also  should 
be  preserved,  for  in  the  Southern  form  they  are  said  by  Dall  to  differ 
from  our  Northern  one,  though  this  is  in  turn  denied  by  Smith. 
Attached  to  the  byssus  of  these  mussels  is  a  minute  bivalve  described 
by  Dall  as  Kiddtria  minuta,  n.  g.  et  sp.,  but  referred  by  Smith  to 
Modiolarca,  extremely  like  Modiolarca  pusUla,  Gould,  from  TieiTa  del 
Fuega     Creeping  among  the  rocks  is  a  large  Siphonaria,  S,  redimi^ 
ev/um,  Kve.,  closely  allied  or  identical  with  S.  tristensis.  Leach,  from 
Tristan  d'Acunha,  and  found  also  in  Patagonia  and  the  Falklands. 
Near  low-water  mark  lives  Trophon  albolabratust  Smith,  a  form  closely 
allied  to  T.  phUippianus,  Dunker,  from  the  Straits  of  Magellan,  Cape 
Horn  and  the  Falklands,  and  still  more  closely  to  T.  cinguliferus,  Fffr., 
from  S.  Georgia.     Next  we  have  a  singular  little  shell  identified  by 
Dall  with  the  almost  world-wide  Lascea  rubra,  but  on  the  other  hand 
referred   by  Smith  to  Kellia,  and  described,   under  the  name  of 
K.  eonsanguinea,  as  closely   akin   to   K.  miliarisy  Phil.,  from   the 
Stndts  of  Magellan.    Lastly,  we  have  a  very  interesting  and  peculiar 
(Hton,  Hemiarthrum  setvlosum,  Dall,  and   a   Doris  not  described 
in  detail,  but  probably  identical  with  Archidoris  kergudensis,  Bergh. 
Within  reach  of  the  tide  we  have  also  two  land-shells,  HydroUa 
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pumilio,  Sm.,  and  ff.  caliginosa  (Gould).  The  former  is  exceedingly 
minute ;  the  latter  was  first  described  from  Tierra  del  Fuego. 

It  will  be  seen  that  the  Molluscan  fauna  of  the  beach  is  in  the 
closest  possible  relation  to  that  of  the  Cape  Horn  and  Falkland 
Islands  area. 

In  the  clefts  of  the  rocks  lives  a  small  pink  sea-anemone,  the 
JBunodes  kergudensis  of  Studer,  though  Andres  ('  Attinie/  p.  235)  is 
disposed  to  regard  it  as  a  Sagartia.  Attached  to  the  mussel-shells  are 
colonies  of  a  little  Hydroid,  Hydractinia  antaretiea,  Stud,  (whose 
polymorphism  is  described  as  less  complete  than  that  of  its  European 
ally),  and  of  a  larger  form,  Coryne  (?)  conferta^  AUm.  On  the  same 
shells  and  on  stones  is  a  small  Spirorbis.  Of  worms  we  have  two 
peculiar  species,  Syllis  mytUorum,  Stud.,  among  the  mussel-beds,  and 
Ophryotrocha  Claparedi,  Stud.,  among  the  green  Algae  at  low-water 
mark. 

Of  Crustacea  we  have  abundantly  in  the  pools,  Sphoeroma 
{Exosphceroma)  gigas,  Leach,  with  its  semiparasitic  lais  pubescens 
(Dana),  both  common  also  in  the  Patagonian  region  and  in  New 
Zealand.  There  are  a  few  Amphipods,  Hyale  vUlosa,  S.  J.  Smith, 
Lysianax  (?)  kidderi,  S.  J.  Smith,  and  Atyloides  austrcdiSy  Miers,  the 
last-named  probably  occurring  also  in  Australia.  A  little  red  Copepod 
which  has  been  identified  by  Brady  with  the  northern  Harpaeticus 
fvlvuSy  Fischer,  but  which,  perhaps,  deserves  re-examination,  is  also 
abundant. 

2.  The  Floridean  zone  displays  a  vastly  richer  and  more  beautiful 
fauna.  Here  we  begin  to  meet  the  characteristic  Antarctic  fishes  of 
the  genus  Notothenia  and  its  allies,  viz.  Chcenichthyt  rhinoceratus, 
Rich.,  allied  to  C,  georgianus,  Fisch.,  discovered  by  the  German 
expedition  in  South  Georgia;  Harpagifer  bispinis,  Hich.,  conmion  in 
the  Falklands  and  South  Georgia ;  and  some  seven  species  of  Noto- 
thenia. Of  this  last  genus,  whose  headquarters  appear  to  be  in  the 
Falkland  Islands  region  but  which  extends  to  New  Zealand  and  the 
Aucklands,  some  species  have  a  range  coextensive  with  the  genus, 
while  others  are  so  far  only  known  locally :  it  is  a  genus  of  which 
new  species  are  certain  to  be  found. 

Of  Tunicates,  there  are  found  in  this  region  :  a  simple  Ascidian, 
as  yet  undescribed,  similar  in  size  to  the  northern  A.  canina ; 
and  two  species  of  Colella,  Living  attached  to  the  stalks  of  the 
Floridese. 

Besides  the  Mollusca  of  the  shore,  we  have  here  among  others, 
Patella  kerguelcnsis,  Smith,  a  species  akin  to  the  variable  JP.  aenea, 
Martyn,  of  Patagonia ;  another  Chiton,  C.  (Acanthochiion)  castaneus. 
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Gould ;  a  very  peculiar  whelk,  Neobuccinum  Hatani,  Smith ;  a 
Nafdca,  li.  sculpta,  v.  Martens ;  and  a  Photinula,  P.  expansa,  Sow., 
also  known  from  the  Crozets,  South  Georgia  and  the  Falklands, 
where  it  is  common. 

Crustacea  are  more  numerous.  The  only  species  of  crab  found  at 
Eerguelen  is  the  little  Halicardrvas  planatus  (Fabr.),  which  seems  to 
be  widely  distributed  throughout  the  Antarctic  region,  though  a 
critical  comparison  of  specimens  from  different  localities  is  still  to  be 
desired.  We  here  meet  with  the  characteristic  Isopod  genus  Serolis, 
represented  by  two  species,  one  of  which,  S,  lati/rons  (Miers),  whose 
range  extends  to  the  Crozets  and  the  Auckland  Islands,  occurs  in 
great  swarms  in  places  where  the  bottom  is  sandy ;  the  other  species, 
S.  tq^temcarinata  (Miers),  known  also  from  Marion  Island  and  Prince 
Edward  Island,  is  less  abundant  Many  other  Isopods  also  occur, 
e.g.  Splueroma  gigaSy  already  alluded  to ;  Cassidina  emarginata,  6u^r., 
a  Magellan  and  Falkland  Islands  species ;  C.  maeulata,  Stud.,  possibly 
not  distinct  from  the  preceding  (Stebbing,  P,Z.S.  1900,  p.  561); 
^ga  semiearinata,  Miers  (similar  to  JS,  serripes,  M.E.,  fr*om  P&ron's 
voyage) ;  etc. 

Biyozoa  and  Hydroids  form  numerous  colonies  on  the  Algae  and 
the  mussel-shells.  A  species  of  Pedicellina,  P.  Breusingi,  Studer, 
deserves  further  study :  it  is  supposed  to  be  identical  with  P.  australis, 
Kidley,  from  Magellan  (P.  Z.  S.  1881,  p.  61) ;  a  Pedicellina,  in  all 
probability  the  same,  has  also  been  mentioned  by  Joliet  (C.  R  1879, 
p.  392)  as  occurring  at  St.  Paul's  Island.  Among  the  Hydroids  we 
have,  besides  those  already  mentioned,  Tvhularia  kerguelensis,  Stud. ; 
ffaUcium  mtUilum,  AUm. ;  Hypanthea  repenSy  AUm. ;  and  two 
Sertularellse,  viz.  8.  unilaUralis,  AUm.,  and  another  which  was  at 
first  described  by  Allman  as  jS^.  kergwdensis,  but  afterwards  referred 
by  him  to  the  widely  distributed  S.  polyzonicus,  L. 

A  small  bright-red  Nereis,  N.  Eatoni,  M'Int.,  a  Zumbriconereis 
perhaps  indentical  with  the  Z.  kergvdeTmSy  Grube,  found  at  greater 
depths,  and  a  Polynoid,  Hermadum  magelhciense,  Kbg.,  white  with 
reddish-brown  elytra,  represent  our  knowledge  of  the  Worms. 

Holothurians  are  abundant^  especially  Cucumaria  crocea,  Less.,  an 
orange-yellow  species  with  brood-pouches  for  the  young ;  also  Semperia 
parva,  Ludw.,  and  Chirodota  Studeri,  Th6el.  Ophioglypha  brevispinUy 
Smith,  is  a  common  brittle-star.  Of  Asterids  we  have  here  the  six- 
layed  Asterias  perrieri,  Smith  ;  also  Parania  antarcHca,  Smith ;  and 
lastly  the  remarkable  Leptoptychaster  kerguelensis,  Smith,  whose  eggs 
develop  in  a  cavity  on  its  back,  overarched  by  a  roof  of  modified 
spines. 
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3.  Leaving  the  Floridean  zone,  we  come  to  the  zone  of  Macro- 
cystis,  hidden  among  the  roots  and  borne  upon  the  fronds  of  which  is 
an  abundant  associated  fauna.  A  classiccd  passage  in  the '  Voyage 
of  the  Beagle  *  (chap,  xi.)  records  Darwin's  vivid  impression  of  this 
fauna  of  the  kelp,  as  he  saw  it  in  the  Straits  of  Magellan.  This  kelp 
fauna  deserves  careful  study,  not  only  for  its  abundance  and  com- 
parative accessibility,  but  also  for  the  interest  that  would  attach  to 
its  comparative  study  at  different  points  along  the  vast  range  of  dis- 
tribution of  the  kelp,  from  the  Antarctic  Ocean  all  along  the  western 
coasts  of  America  to  Behring  Sea. 

The  thirty-fathom  long  fronds  of  Macrocystis  are  anchored  to 
stones  in  four  to  six  fathoms  of  water.  On  the  floating  fronds  creeps 
a  little  white  Holothurian,  Pentactella  IcBvigcUa,  Verr.  (also  Patago- 
gonian),  the  little  Halicardnus,  the  Isopods  already  mentioned,  and 
several  Limpets,  e.g.  Patella  kerguelensis,  Smith,  P.  fuegensis,  Kve, 
and  especially  P.  (Nacella)  mytUina,  GmeL  (the  two  last  being  Ma- 
gellan and  Falkland  Islands  species) ;  also  Admete  (?)  limnod/ormis. 
Smith,  Littorina  setosa,  Smith,  Scissurella  stipraplicata,  Smith,  and 
others.  Bryozoa,  especially  Tubulipora  organizans,  Busk  (as  at  the 
Falklands),  and  T.  stellata,  Busk,  also  Lepralia  Eatoni,  Busk,  Idmanea 
marionensis,  Busk  (also  at  Marion  Island),  eta,  cover  the  fronds, 
together  with  the  Hydroid  colonies  of  CampamUaria  cylindrica,  AUm., 
and  Hypanihea  repens,  Allm.  On  the  roots  and  stems  grow  Diachoris 
magellanica,  Busk,  Actinopsis  rosea,  Studer,  and  various  compound 
Ascidians,  Amaroudum  variabile,  Herdm.,  Colella  concreta,  Herdm., 
Polyclinum  pyriforme,  Herdm.  Among  the  tangled  roots  lives  a 
still  richer  fauna,  of  which  the  following  are  examples: — MytUus 
magellanictis,  Chemn.,  numerous  Pycnogons,  Nymphon  antarcticum, 
N.  brevicaicdatum,  Tanystylum  styligerum,  all  described  by  Miers; 
various  worms,  e.g.  Neottis  antarctica,  Mint.,  Nereis  eaioni,  Amphi- 
trite  kergudensis,  M'Int.,  and  a  Serpula,  said  to  be  identical  with 
S.  narconensis,  Baird;  also  many  star-fish  and  brittle-stars,  e.g. 
Amphiura  Studeri,  Lym.,  Ophioglypha  hexactisy  Smith,  Asterias  meri- 
dionalis,  Perrier,  A.  perrieri,  Smith,  Pedicellaster  scdber,  Smith, 
Pteraster  affinis,  Smith  (very  similar  to  P.  daTioe,  Verrill,  said  to  be 
from  Rio  Janeiro),  and  again  the  remarkable  Luidia-like  Ltptoptychaster 
kergicelensis,  Smith. 

Less  closely  associated  with  the  kelp,  but  occurring  in  the  same 
zone,  are  many  other  forms,  individually  numerous,  whose  dull 
coloration  and,  in  the  case  of  the  Molluscs,  ill-calcified  shells  and 
thickened  epidermis,  are  in  conformity  with  their  muddy  habitat  and 
in  contrast  with  the  brighter  fauna  of  the  Floridean  zone.     We  have 


KERGU£L£N  ISLAND.  281 

here  among  the  Molluscs,  Neohuccinum  eatoni,  K  Sm.  (a  peculiar 
genus),  the  equally  remarkable  Struthiolaria  mirdbilis,  Smith,  whose 
genus  has  living  species  in  Australia  and  New  Zealand  and  a  fossil 
one,  very  similar  to  S,  mirabUis,  in  the  Tertiaries  of  Patagonia,  Natica 
grisea,  v.  Martens,  Rissoa  kergv^eleni,  Smith,  and  several  species  of  the 
peculiar  little  genus  Eatoniella,  these  last  on  Sponges ;  also,  burrowing 
in  the  mud,  Solenella  gigantea,  Smith,  Yoldia  subcequUateralis,  Smith, 
and  Anatina  elliptica,  King  and  Brod.,  which  last  is  known  to  range 
as  ftur  south  as  the  South  Shetlands. 

Among  Gru«itacea,  the  existence  of  a  very  interesting  faima  is 
indicated  by  such  examples  as  Paratanais  dimorpkvs,  Bedd.,  and  the 
large  and  beautiful  Apseudes  spectabilis,  Stud.  A  Nebalia  has  been 
found  here  both  by  Studer  and  Willemoes-Suhm ;  it  is  said  to  be 
indistinguishable  from  N.  bipes,  Sars. 

Of  Echinoids  we  have  two  species,  each  of  which  clusters  together 
in  very  numerous  colonies,  viz.  Hemiaster  cavemosits,  Phil.,  and  Gonio- 
cidaris  canaliculata,  Ag.,  both  also  Patagonian.  The  latter,  described 
by  Wyville  Thomson  as  Oidaris  ntUrix,  carries  its  young  in  "  a  kind 
of  open  tent "  formed  by  the  folding  inwards  of  the  spines  surround- 
ing the  mouth,  while  the  former  carries  them  in  depressions  of  the 
ambulacral  areas  on  its  back,  protected  by  the  spines.  In  the  last 
case  a  singular  little  Mollusc,  Lepton  paradticum,  Dall,  also  inhabits 
the  brood>cavity.  In  equal  abundance  we  have  the  six-rayed 
Ofkioglyplia  hexactis,  Smith,  and  the  seven-rayed  Ophiacantha 
vivipara,  Lym.,  both  having,  in  an  analogous  way,  the  peculiarity  of 
rearing  their  young  in  brood-pouches,  and  the  long-armed  Amphiura 
Stvderi,  Lym.  Other  species  are,  Asterias  meridionalis,  Perr.,  A. 
rupicola,  Verrill,  Echinaster  spintUifer,  Smith,  and  Pentagonaster 
meridiotuUie,  Smith. 

A  single  Nemertine,  Lineus  corrugatus,  M'Int.,  is  abundant  in 
the  mud,  where  also  is  one  Gephyrean,  Thalassema  verrtccosum,  Studer. 
Annelids  are  numerous,  e.g.  Eupolynoe  mollis,  M'Int.,  Nephthys  trisso- 
phyllos,  Grube,  Amphitrite  kerguelensis,  Mint.,  Neottis  antarctica, 
M'Int,  Artacama  probosddea,  Mgr.,  and  a  curious  Chlorhsemid, 
Brada  mammillata,  Gr.,  which  covers  itself  with  a  thick  layer  of  mud, 
of  sponge-spicules  and  diatom-frustules,  all  cemented  together  by  the 
secretions  of  special  glands. 

An  Anemone,  Fdwardsiella  kergtLelenm,  Stud.,  is  plentiful  in  the  mud, 
and  in  somewhat  greater  depths  is  another,  Hdlcampa  purpurea,  Studer. 

4  With  no  very  sudden  demarcation,  save  for  the  absence  of  those 
species  most  closely  associated  with  the  kelp,  we  pass  to  the  general 
fauna  of  the  submarine  plateau. 
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Here  we  have,  in  the  first  place,  an  abundant  fauna  of  Sponges,  as 
yet  very  imperfectly  known.  Foremost  among  these  is  the  great 
beautiful  Hexactinellid,  jRossdla  antarctica,  Carter,  which  is  also  an 
inhabitant  of  the  abyssal  Indo-Pacific  area.  Also  very  abundant  is 
a  Tetractinellid,  Tetilla  grandis,  Soil.  The  numerous  Monaxonida 
and  Calcarea  are  cliiefly  remarkable  for  the  ascription  of  several  of 
them  (in  the  mean  time)  to  common  British  or  Mediterranean  species, 
e.g.  Halichondria  panicea,  Johnst.,  Reniera  rosea,  Bowerb.,  MyxUla 
plumosa,  Mont.,  Suberites  camasus,  Johnst.,  Ute  capUlasa,  Schmidt 

According  to  Mr.  Carter,  '*Half  of  the  species  at  the  fewest 
(Le.  of  the  Transit  of  Venus  collection)  may  be  picked  up  at  any 
time  on  the  coast  of  South  Devon«"  Mr.  Bidley,  however,  reporting 
on  the  much  larger  Challenger  collection,  while  agreeing  with  Mr. 
Garter  that  the  cosmopolitan  Halichondria  punicea  of  Kerguelen  is 
identical  with  the  British  species,  and  while  ascribing  one  other  form, 
Stylocordyla  stipitata,  var.  globosa,  to  a  variety  of  another  widely  dis- 
tributed species,  considers  all  his  other  species  distinct  and  peculiar 
to  the  Kerguelen  area. 

Of  the  remaining  Hydroids  we  have  first  the  (not  too  well 
characterised)  Plumularian  genus  Schizotricha,  of  which  two  species 
are  described  by  Allman ;  second,  a  species  of  Selaginopsis,  S.  ureeo- 
li/era,  Kirch.,  a  genus  whose  distribution  is  mainly  circum-arctic,  with 
its  headquarters  apparently  in  the  N.  Pacific,  and  which  appears  also 
in  Japan  and  in  New  Zealand ;  lastly,  two  Plumularise,  one  of  which, 
P.  Jlahellum,  Allm.,  is  recorded  also  from  the  Crozets,  while  the  other 
is  ascribed  to  the  common  northern  P./rutescens,  EIL  and  SoL,  and  is 
said  to  occur  also  at  the  Cape  of  Good  Hope. 

All  the  Alcyonaria  belong  to  peculiar  species,  but  one  of  the  three 
genera,  Primnoisis,  is  as  yet  only  known  from  this  region,  the  Crozets 
and  Cape  Horn.  The  four  species  are  ClavtUaria  rosea,  Stud.,  Aleif- 
onium  aniarcticum,  Wrght  and  Stud.,  Primnoisis  antarctica,  Stud., 
P.  ambigua,  Wrght  and  Stud. 

Among  the  star-fishes,  we  have  in  the  first  place  a  Brisingid,  de- 
scribed by  Studer  as  Gymnobrisinga  sarsi,  though  its  claim  to  generic 
distinction  seems  not  very  certain,  and  also  a  species  of  the  allied 
genus  Lahidiaster,  L.  anntUaius,  Sladen,  whose  range  extends  also  to 
the  Arafura  Sea :  the  latter  genus  is  known  also  by  another  species, 
Z.  radiosus^  Lutken,  from  the  Patagonian  region.  In  the  same  group 
the  type  genus  Brisinga  {B.  membran^aeea,  Sladen,  and  B.  discinda, 
Sladen)  and  the  nearly  allied  Freyella  (F,  /ragillissima,  Sladen)  are 
both  known  from  the  Southern  Ocean.  The  remarkable  genus 
Pedicellaster,  sometimes  classified  with  the  former  genera,  is  repre- 
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sented  by  P.  scaber,  R  Sm.  Other  species  are  found  at  Marion  Island 
and  South  Georgia,  in  addition  to  one  West  Indian  and  several  North 
Atlantic  forms.  Luidiaster  hirsutus,  Studer,  is  a  peculiar  form  allied 
to  Pantaster.  Gnathaster  meridionalis,  K  Sm.,  and  G,  dongcUtcs, 
Sladen,  both  occur  also  at  the  Crozets,  and  belong  to  a  small  genus 
known  also  from  the  Australian  and  Magellan  regions.  One  species, 
indeed,  6,  paxUlosus  (Gray),  is  said  to  occur  both  at  Sandy  Point  and 
in  the  Eastern  Archipelago  off  the  coast  of  North  Australia. 

The  cosmopolitan  Asterias  is  represented  by  A,  stvderi.  Bell, 
A.  triremiSf  Sladen,  and  A.  scalpri/era,  Sladen,  in  addition  to  the 
species  from  shallower  water  already  alluded  to;  Solaster,  by 
S.  subarciuUtis,  Sladen ;  Cribrdla  by  G.  simplex,  Sladen.  Perknaster 
is  a  peculiar  genus  allied  to  GribrMa,  of  which  the  two  known  species, 
P.  fusctts  and  P.  densus,  Sladen,  are  both  from  tJiis  region.  The 
nearly  cosmopolitan  Pteraster  has  two  species,  P.  affinis,  Smith,  and 
P.  rugatus,  Sladen;  and  the  very  closely  allied  Betaster  has  one 
species,  IL  peregrinator^  Sladen,  not  very  different  from  R,  verrucosa, 
Sladen,  from  the  Straits  of  Magellan  ;  the  genus  is  known  from  the 
Cape  of  Good  Hope,  the  Indian  Ocean,  and  also  from  the  North 
Atlantic.  Pathybiaster  loripes,  Sladen,  of  the  Magellan  region,  is  here 
represented  by  its  variety  obesa ;  the  genus  has  twd  other  species  in 
the  North  Atlantic. 

The  cosmopolitan  Gorgonocephalvs  has  one  species,  G.  Paurtalem, 
Lym.,  occurring  also  at  the  Crozets  and  East  Patagonia.  Of  the  more 
typical  Ophiurids,  many  if  not  most  have  also  been  taken  at  the 
Crozets,  a  few,  such  as  Ophiocten  amitinum,  Lym.,  Ophiacantha  vivi- 
para^  Lym.,  also  in  the  Patagonian  region,  and  one,  Ophiomyxa 
vitfipara,  Studer,  both  in  the  latter  region  and  at  the  Gape  of  Good 
Hope. 

Among  the  Holothurians  we  have  several  species  of  Psoitis, 
P.  incertus,  Theel,  P.  ephippifer,  Wy.  Th.,  and  P.  poriferus,  Studer, 
all  said  to  be  peculiar  to  the  region.  The  last-named  is  very  briefly 
described.  P.  tphippifcr,  Wy.  Th.,  is  very  like  P.  antardims,  Phil., 
from  Magellan,  and  not  very  different  from  the  northern  P.  squamutus. 
The  cosmopolitan  genus  Thyone  has  two  species  and  Ctccumaria  two. 
We  have  also  Trochostoma  violaceum,  Studer,  a  form  not  very  different 
from  the  northern  T,  boreale,  M.  Sars. 

To  the  Pycnogons  already  alluded  to  in  connection  with  the 
MacToeystxB  zone  we  may  add  Nymphon  fuscwra,  Hoek  (if  it  be 
different  £rom  N.  gracUipes,  Miers),  and  two  species  of  Colossendeis, 
C,  megalanyx,  Hoek,  and  C.  robusta,  Hoek,  of  which  the  former  is 
known  also  &om  the  Patagonian  region. 
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The  Amphipods  of  this  region  are  probably  very  nunaerous  indeed ; 
the  Challenger  expedition  added  about  fifty  species  to  the  half-dozen 
previously  known.  Many  of  the  genera,  Anonyx,  Tryphosa,  Hippo- 
medon,  Orchomene,  Lysianax,  etc.,  are  common  and  widely  distributed^ 
and  in  some  cases  the  species  are  very  similar  to  their  northern  allies, 
e.g.  Hoplonyx  cicadoides  (Stebb.),  to  th«  northern  H.  cicada  (Fabr.} 
In  one  instance  the  Kerguelen  specimen  is  pronounced  identical  with 
a  northern  form,  viz.  Podocerus  falcaius  (Mont.),  but  it  is  suggested 
as  possible  that  the  creature  may  have  been  carried  southward  by  the 
ship ;  in  another  such  case,  viz.  Eudrus  longipes,  Bk.,  Sars  holds  that 
the  two  forms  are  scaj*cely  identical.  But  on  the  other  hand  the 
Kerguelen  area  contains  a  number  of  markedly  southern  genera,  of 
which  other  species  are  known  either  from  the  Australian  or  the 
Patagonian  regions,  or  from  both  of  these,  e.g.  Acontiostoma,  Atyloides,. 
Haplocheira ;  a  considerable  number  of  genera  are  as  yet  known  only 
from  Kerguelen,  e.g.  Socarnoides,  Cardenio,  Acanthechinus,  Harpini- 
oides,  Zaramillay  Dodecas,  Protellopsis ;  the  last  three,  at  least,  of  these 
are  highly  peculiar. 

Of  the  numerous  Isopods,  one  species,  Eurycope  fragUis^  F.E.B., 
is  known  also  from  Japan,  and  with  this  exception  all  the  rest  are 
confined  to  the  Southern  seas.  Of  the  g^iera,  Serolis  is  highly  charac- 
teristic of  the  Patagonian  and  Antarctic  regions ;  Arcturides,  lolanthe, 
Astrurus,  Neasellus,  are  all  remarkable  genera  peculiar  as  yet  to  the 
Kerguelen  area,  while  according  to  Stebbing,  the  Kerguelen  species 
of  ?Anceus  and  of  Ilyarachna  are  also  suflBciently  distinct  to  deserve 
the  rank  of  genera.  Many  of  the  above  genera,  and  also  the  species 
of  Apseudes,  Tanais,  Munna,  Pleurogonium  and  others,  are  very 
remarkable,  and  mark  out  the  Isopod  fauna  of  this  region  as  particularly 
worthy  of  close  attention. 

Of  Chsetopods,  apart  from  those  mentioned  above  in  the  descrip- 
tion of  the  shallow-water  fauna,  we  know  of  somewhat  over  thirty 
species,  mostly  referred  to  northern  or  cosmopolitan  genera,  one  genus 
only,  Salvatoria,  M*Int.,  being  described  as  peculiar.  Of  the  species, 
three  are  said  to  be  sub-species  or  varieties  of  the  northern  Lcct-- 
monice  producta,  Grube,  ScoUcolepis  cirrata,  Sars,  and  Terebellides 
Stroemii,  Sars.  A  few  others,  Lagisca  magdlanica,  M*Int.,  Eunice 
magellanica,  M*Int.,  and  three  species  of  Hermadion,  are  known 
also  from  the  Patagonian  region.  Nereis  Kergtidensis,  M'Int.,  extends 
to  South  Georgia ;  while  of  the  remainder  every  one  is  either  peculiar 
to  Kerguelen  or  extends  only  to  the  adjacent  islands. 

Of  five  species  of  Brachiopods,  two  extend  to  the  Patagoman 
region,    Waldheimia  (Magellania)  dilatata,  Lam.,   and    TerebraUUa 
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dormta^  6m.,  and  one  to  the  Australian  region,  RhynchoneUa  nigricans, 
7BI,  pyxidaia,  Wats. 

Of  the  Mollusca  of  the  deeper  waters,  besides  those  already  alluded 
to,  we  may  mention  the  peculiar  and  beautiful  Volute,  Provocator 
pfdeher,  Wats.,  and,  among  the  Lamellibranchs,  Davila,  known  also 
only  from  St.  Paul  and  Amsterdam.  The  only  known  cuttlefish  is  a 
species  of  Octopus.  The  fishes  are  sufficiently  dealt  with  in  the 
preceding  description  of  the  shora 

The  foregoing  is  a  very  brief  epitome  of  our  knowledge  of  the 
fauna  of  the  shore  and  neighbouring  waters  of  a  sub- Antarctic  island. 
Already  there  is  material  at  hand  for  a  great  extension  of  such 
knowledge  when  the  abundant  collections  that  have  been  of  late 
brought  home  shall  have  been  examined  and  reported  on.  But, 
however  rich  the  collections — for  instance  of  the  Valdivia  and  Bdgica 
— may  prove  to  be,  there  is  yet  ample  need  of  further  exploration 
both  in  the  same  seas  and  in  the  unexplored  seas  beyond.  For,  in 
the  first  place,  it  is  plain  that  a  comparatively  low  temperature  is 
no  check  to  the  existence  of  marine  life,  and  that,  as  in  the  Arctic 
seas,  so  here  in  the  Antarctic  and  sub- Antarctic  regions,  we  have  not 
a  poverty-stricken  fauna,  but  one  of  great  abundance  and  diversity. 
And  while  we  can  bring  no  large  harvest  of  new  species  from  any 
locality  whatsoever  that  is  not  of  value,  to  fill  in  for  us,  as  it  were, 
more  and  more  of  the  scheme  of  changes  and  permutations  of  organic 
forms,  we  have  furthermore  in  this  case  special  problems  of  dis- 
tribution to  solve,  for  whose  solution  much  more  than  a  superficial 
knowledge  of  the  Antarctic  fauna  is  likely  to  be  required. 

The  uninterrupted  circle  of  the  Southern  circumpolar  seas  mani- 
festly contains,  as  it  is  very  natural  it  should  do,  a  common  fauna : 
many  characteristic  genera  and  species  are  known,  and  many  more 
will  yet  be  found,  to  be  common  to  widely  distant  parts  of  the 
r^on  that  includes  Patagonia,  the  Falklands,  South  Georgia,  Ker- 
gueleuy  Australasia,  and  the  islands  southward  thereof;  just  as  the 
circum-arctic  seas  have  their  common  fauna,  blended  on  one  side  or 
other  with  alien  elements.  Apart  from  any  preconceived  theories 
as  to  the  nature  of  the  Antarctic  fauna,  it  is  obviously  a  fauna 
of  the  highest  interest  in  relation  to  our  own,  and  to  the  Arctic 
fauna  allied  to  our  own,  in  order  that  we  may  compare  the  two  great 
marine  faunas  that  exist  under  similar  conditions  of  temperature 
while  they  are  widely  separated  from  one  another  by  temperature 
and  depth  of  sea.  A  certain  superficial  resemblance  of  a  negative 
kind  is  at  once  given  to  these  two  faunas  by  the  absence  of  the  charac- 
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teristic  fishes,  the  corals,  siphonophores  and  so  forth,  that  markedly 
distinguish  the  tropical  seas ;  on  a  slightly  closer  inspection  it  is 
equally  plain  that  many  prominent  genera  and  larger  groups — the 
genus  SeroliSy  the  peculiar  Trachinoid  fishes  for  example — are  charac- 
teristic of  the  Antarctic  and  sub-Antarctic  waters,  and  of  these  alona 
But  is  the  residuum  only  what  is  common  to,  or  something  built  upon 
what  is  common  to,  all  seas ;  or  does  it  date  back  to  the  conditions 
of  a  past  epoch,  to  a  fauna  that  was  once  common  to  all  seas  but 
is  now  left  only  at  the  extremes  of  the  earth  and  is  obliterated 
between  ?  It  has  been  maintained  by  some  that  this  latter  is  the 
case;  that  there  is  a  common  bipolar  fauna  non-existent  in  the 
tropics,  and  even  that  hundreds  of  species  in  the  Arctic  and  Antarctic 
fauna  are  identical  one  with  another.  This  view  is  contested  by 
others,  and  I  for  my  part  do  not  share  it  But  on  this  question 
more  argument  is  much  less  to  be  desired  than  more  investigation. 
For,  even  supposing  the  specific  identity  of  so  many  forms  to  be 
disproved,  it  may  be  that  there  remains  sufficient  ground  for  a 
similar  deduction  from  the  general  affinities  of  the  rest :  or,  on  the 
other  hand,  if  the  inference  be  wholly  false,  we  may  find  resem- 
blances which  are  not  original,  but  which  throw  light  on  questions 
of  variation  and  evolution  under  similar  conditions. 

We  have  also  minor  problems  of  distribution  subordinate  to  this 
greater  one ;  for  instance,  the  relation  of  the  common  Antarctic  fauna 
to  the  several  faunas  of  the  Atlantic  and  the  Indo-Pacific,  and  in 
particular — as  has  been  said  above — to  that  fauna  that  would  seem 
to  go,  as  the  Macrocystis  goes,  along  the  comparatively  cold  shore- 
waters  of  Western  America  to  Behring  Sea. 

While  the  zoological  exploration  of  the  Antarctic  needs  neither 
defence  nor  further  recommendation,  I  cannot  help  adding,  ere  I 
conclude,  that  I  think  all  British  zoologists  must  be  the  more  anxious 
that  their  science  should  reap  a  harvest  from  the  forthcoming 
Expedition,  from  a  feeling  that  for  years  past  our  country  has  been 
outstripped  in  such  work  by  others.  Since  the  pioneer  expeditions 
of  the  Porcupine  and  their  great  outcome  the  Challenger  expedition, 
oceanic  zoology  would  have  been  almost  in  abeyance  with  us,  had  it 
not  been  for  Dr.  Alcock's  most  productive  researches  in  the  Bay  of 
Bengal ;  while  on  the  other  hand,  expedition  after  expedition  has  been 
sent  out  by  French  and  Germans,  Americans  and  Scandinavians.  All 
our  experience  teaches  us  that  the  fauna  of  the  deep  sea  may  be 
treated  as  practically  inexhaustible  for  a  long  time  to  come.  The 
dredge  never  comes  up  without  new  treasures.  The  eight  hauls  made 
by  the  Challenger  in  the  deep  waters  of  the  Kerguelen  region  furnished 
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all  that  we  knew,  until  the  other  day,  of  the  abyssal  fauna  of  the 
Southern  Ocean.  In  these  eight  hauls  over  300  new  species  and 
about  125  new  genera  of  animals  were  discovered,  and  nearly  half 
of  these  new  species  were  brought  up  once,  and  once  only ;  while 
more  recent  expeditions,  in  waters  whose  fauna  is  infinitely  better 
known,  such  as  the  Danish  Ingolf  expedition  in  the  North  Atlantic, 
the  French  Cavdan  Expedition  in  the  Gulf  of  Gascony,  and  the  cruises 
of  the  Prince  of  Monaco,  using  new  and  more  efficient  methods  of 
dredging,  and  making  more  minute  examination  of  the  material 
dredged,  all  show  that  the  proportion  of  new  discoveries  tends  to 
increase,  and  make  us  regret  very  deeply  indeed  that  Great  Britain 
has  ceased,  for  over  twenty  years,  to  pursue  the  work  of  deep-sea 
zoological  investigation. 

Lastly,  let  me  reiterate  the  one  request  that  the  naturalist  at 
home  makes  always  of  the  collector  abroad,  and  that  is — to  collect 
6Terything,  even  the  invisible.  After  everything  that  the  collector 
can  discriminate  has  been  selected,  what  remains  is  likely  to  be  no  less 
Taloable.  The  larger  animals,  the  weeds  and  zoophytes,  the  dredge 
itself,  if  possible,  must  be  washed,  and  the  wasliings  strained  off  and 
preserved ;  sand  and  mud  must  in  like  manner  be  carefully  stirred 
and  washed,  that  the  contained  Crustacea  and  other  inhabitants  may 
be  sifted  out  in  fine  sieves  and  preserved  in  bulk ;  and  even  the 
nddual  sand  and  mud  must  not  all  be  simply  dried,  but  must  in 
part  be  placed  in  spirits  for  still  closer  examination. 
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XX.  V 


BOTANV. 

Compiled  by  George  Murray,  F.R.S. 

It  is  very  improbable  that  any  flowering  plants  will  be  found  in  the 
Antarctic  regions  to  be  visited  by  the  Expedition,  but  a  careful 
search,  especially  for  minute  forms,  should  be  made.  It  is  needless 
to  say  that  the  discovery  of  such  forms  would  be  of  the  highest 
interest ;  and  the  following  directions  (which  apply  to  many  of  the 
lower  plants  as  well)  are  extracted,  with  modifications,  from  the 
British  Museum  'Directions  for  Collecting  and  Preserving  Plants 
for  a  Herbarium.' 

This  is  a  much  simpler  process  than  is  generally  imagined  by 
those  unpractised  in  it,  and  travellers  have  been  often  deterred  from 
collecting  specimens  by  the  time  and  trouble  required  for  preparing 
them  in  the  way  that  has  by  many  been  recommended. 

The  chief  circumstances  to  be  attended  to  a^,  to  preserve  speci- 
mens of  plants  in  such  a  manner  that  the  moisture  may  be  quickly 
absorbed,  the  colours  as  much  as  possible  preserved,  and  such  a 
degree  of  pressure  given  to  them  as  that  they  may  not  curl  up  in 
the  act  of  drying. 

For  this  purpose  let  a  quantity  of  separate  sheets  of  paper  be 
obtained  of  a  folio  size.  Common  brown  paper  is  upon  the  whole 
the  best,  oxcept  for  the  very  delicate  kinds,  which  require  paper  of 
a  smoother  and  somewhat  absorbent  texture.  Blotting-paper  would 
absorb  the  moisture  too  rapidly,  and  by  repeated  damping  and  drying 
would  soon  be  rendered  useless. 

Two  boards  [or  light  presses  made  of  galvanised  iron  wire]  should 
be  provided — one  for  the  top  and  the  other  for  the  bottom  of  the 
mass  of  papers. 

For  pressure  when  stationary  for  any  length  of  time  in  a  given 
spot,  nothing  serves  better  than  a  weight  of  any  kind  (a  folio  book, 
a  large  stone,  etc.)  put  upon  the  topmost  board;  and  the  great 
advantage  of  this  is,  that  the  weight  follows  the  shrinking  of  the 
plants  beneath. 
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While  taravelling,  three  leathern  straps  with  buckles  should  be 
procured ;  two  to  bind  the  boards  transversely,  and  one  longitudi- 
nally. It  will  be  further  desirable  to  have  a  number  of  pieces  of 
pasteboard  of  the  same  size  as  the  paper,  to  separate  different 
portions  of  the  collection,  either  such  as  are  in  different  states  of 
dryness,  or  such  as  by  their  bulk  might  otherwise  press  upon  and 
injure  the  more  delicate  kinds. 

Thus  provided,  gather  your  specimens,  selecting  always  such  as 
are  in  flower,  and  others  in  a  more  or  less  advanced  state  of  fruit. 

Place  them  side  by  side,  but  never  one  upon  another,  on  the 
same  sheet,  and  lay  upon  them  one,  two,  or  three  sheets,  according 
to  the  thickness  of  the  plants,  or  their  more  or  less  succulent  nature : 
and  80  on,  layer  above  layer  of  paper  and  specimens,  subjecting  them 
then  to  pressure. 

is  soon  as  you  find  that  the  paper  has  absorbed  a  considerable 
portion  of  the  moisture  (which  will  be  according  to  the  more  or  less 
succulent  nature  of  the  plants  and  the  heat  or  dryness  of  the  season 
or  climate),  remove  the  plants  into  fresh  papers,  and  let  the  old 
papers  be  dried  for  use  again,  either  in  the  open  air  or  sun,  or  in  a 
heated  room,  or  before  the  fire. 

As  to  the  spreading  out  of  the  leaves  and  flowers  with  small 
weights,  penny-pieces,  etc.,  it  is  quite  needless.  The  leaves  and 
flowers  are  best  displayed  by  nature  in  the  state  in  which  you 
gather  them,  and  they  will  require  little  or  no  assistance  with  the 
hand,  when  laid  out  upon  papers,  to  appear  to  the  best  advantage, 
specially  if  put  in  carefully  on  being  fresh  gathered. 

If  the  specimens  cannot  be  laid  down  immediately  on  being 
gathered,  they  should  be  preserved  in  a  tin  box. 

In  many  cases  the  traveller  will  find  the  process  accelerated  by 
exposing  the  parcel  (hung  up  and  properly  secured)  to  the  open  air 
when  the  weather  is  favourable,  and  the  circulation  of  air  through 
it  will  be  promoted  if  the  sheets  on  which  the  specimens  are  laid 
be  placed  alternately  back  and  edge.  Four  or  five  shiftings  will 
generally  be  sufficient  to  complete  the  process,  which  is  ascertained 
by  the  stiffness  of  the  stems  and  leaves,  and  by  the  specimens  not 
shrinking  when  removed.  They  should  then  be  placed  between 
dry  papers  (such  as  ordinary  newspaper),  and  formed  into  parcels 
of  moderate  thickness,  and  either  packed  in  boxes  or  well  secured 
u  parcels  covered  with  oil-cloth. 

The  greater  number  of  cryptogamic  plants  may  be  dried  in  the 

common  way,  such  mosses  as  grow  in  tufts  being  separated  by  the 

band.    But  both  mosses  and  lichens,  as  they  can  at  any  future  time 

u 
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be  expanded  by  damping,  may  be  dried  by  the  ta^veller  without 
pressure,  and  put  up,  either  eacli  species  separately  or  several 
together,  in  small  canvas  or  paper  bags,  carefully  marking  the  place 
of  growth  and  the  date  when  gathered. 

With  the  specimens,  fruits  and  seeds,  there  should  be  slips  of 
paper,  on  which  are  to  be  written  the  colour  and  form  of  the  flowers, 
the  situation,  if  dry  or  damp,  the  nature  of  the  soil,  the  elevation 
above  sea-level,  and  the  date  when  gathered. 

ALGiG. 

In  collecting  sea- weeds,  the  best  kind  of  receptacle  is  an  ordinary 
sponge-bag.  Glass  bottles  are  dangerous  companions  between  tide- 
marks,  and  for  the  same  reason  a  knife  for  scraping  ofif  specimens 
should  Tiot  be  carried.  A  stout  stick  with  a  chisel  end  is  most  con- 
venient, and  a  cotton  bag  in  a  landing-net  ring  at  the  other  end  of  it 
is  useful  in  recovering  detached  floating  specimens.  Wading-boots 
are  of  great  advantage ;  but  where  there  are  deep  pools,  the  risk 
attending  immersion  is  to  be  reckoned  with.  Good  specimens  from 
beyond  low-water  mark  are  to  be  obtained  after  a  gale,  though  many 
of  them  are  damaged.  For  dredging,  especially  from  a  rowing-boat, 
Eeinke's  dredge  is  the  best. 

To  obtain  the  microscopic  floating  plant  life  of  the  sea  and  of 
fresh-waters  (Phyto-plankton)  a  tow-net  of  the  ordinary  pattern, 
made  of  No.  20  Miller's  silk  (to  be  purchased  from  Emil  Fiechter, 
69  Hartington  Road,  Liverpool),  may  be  used  at  any  depth  from  a 
boat  or  ship  going  with  little  more  than  steerage  way.  Surface 
organisms  at  sea  may  be  got  in  excellent  condition  by  pumping 
with  the  deck-hose  through  such  a  tow-net  suspended  from  a  boat- 
davit,  or  in  less  abundance  by  running  the  bath-tap  through  a  silk 
bag  for  a  ffew  hours.  To  those  who  employ  this  method,  indiarubber 
hose  is  to  be  recommended  in  preference  to  canvas  or  leather  hose, 
on  account  of  impurities  discharged  from  both. 

In  preparing  sea-weed  for  the  herbarium,  great  care  must  be 
taken  in  spreading  each  specimen  with  a  small  camel's-hair  brush  on 
a  paper  mount  inserted  below  it  while  floating  in  a  basin.  The 
specimen  should  then  be  dried  in  the  ordinary  way ;  but  a  layer  of 
muslin  should  be  placed  over  the  sheets  of  specimens  to  prevent 
their  adhering  to  the  upper  sheet  of  drying  paper. 

In  preserving  minute  Phyto-plankton,  marine  Diatoms,  and  the 
like,  a  fluid  preparation  is  best.*     Either  chromic  acid  0*25  per 

*  The  contents  in  the  tail  of  the  tow-net  should  be  emptied  into  a  funnel  with  a 
Btop-eook,  and  withdrawn  below  after  settling  ;  faUing  this*  by  settling  and  decanting, 
or  by  picking  np  with  a  dipping-tube. 
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cent,  solution  or  platinic  chloride  0 '  5  per  cent,  solution  is  excellent 
as  a  fixing  and  preserving  fluid;  but  where  minute  calcareous 
organisms  are  involved,  formalin  (5  per  cent.)  gives  good  results  for 
them  as  well  as  for  all  the  other  kinds,  and  is  to  be  recommended 
for  general  use. 

Special  attention  in  Polar  waters  should  be  paid  to  discoloured 
water  and  ice.  The  former  should  always  be  carefully  tow-netted  ; 
and  the  latter  thawed  and  filtered.  Enormous  shoals  of  marine 
Diatoms  in  the  Antarctic  have  been  recorded  by  Sir  Joseph  Hooker, 
the  Challenger  expedition,  etc.,  and  associated  with  these,  dia- 
tomaceous  oozes  of  great  extent  on  the  bottom. 

Minute  fresh-water  Algae  are  well  preserved  in  carbolic  acid 
(about  1  per  cent.),  or  in  camphor  water,  or  weak  spirit  where  these 
are  not  to  be  obtcdned.  Submerged  plants  should  be  squeezed,  and 
after  the  water  has  stood  for  some  time  the  upper  part  may  be 
decanted  and  the  sediment  preserved.  Scrapings  from  moist  and 
dripping  rocks  yield  good  results. 

To  the  special  collector  of  Diatoms  some  directions  may  be  given 
in  addition  to  what  has  been  said  above. 

Diatoms. 

The  mud  of  pools,  and  of  swampy  places  will  repay  attention. 
Where  it  looks  yellow,  or  shows  the  presence  of  Diatoms  by  giving 
off  little  bubbles  of  gas,  it  should  be  scraped  up  by  a  fine  muslin 
net  attached  to  a  wire  frame.  The  contents  of  the  net  should  be 
turned  out  into  a  pan,  stirred  well,  and  the  supernatant  sediment 
poured  into  a  wide-mouthed  bottle.  Eepeat  this  until  there  is  a 
good  quantity  in  the  bottle,  then  wash  the  net  and  pan  thoroughly, 
and  try  another  place. 

In  alpine  and  subalpine  places  the  surfaces  of  boulders  in  lakes 
and  streams  should  be  scraped  in  the  same  way.  These  are  generally 
much  purer  gatherings  than  the  muds.  Perpendicular  rocks  by  the 
sides  of  streams  should  be  scraped,  and  the  rock  faces  above  the 
surface  of  the  water  should  be  examined  for  any  little  white  tufts 
or  patches  of  Diatoms  which  have  grown  there  when  the  waters  were 
higher  and  have  become  sun-dried. 

The  bottles  when  taken  home  should  be  well  shaken,  the  contents 
poured  into  filtering-paper,  left  to  dry,  and  folded  up  as  they  are, 
labelled  with  locality,  approximate  height  above  sea-level,  date,  and 
character  of  the  water,  whether  fresh,  brackish,  cold  or  thermaL 

Water-weeds,  Sphagna,  etc.,  growing  in  lakes  and  pools,  should 

be  gathered,  washed,  and  gently  squeezed  in  water,  and  the  sediment 

u  2 
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treated  like  the  mnds.  Floating  patches  of  scum  which  have  risen 
to  the  surface,  buoyed  by  bubbles  of  gas  on  a  warm  sunny  day^ 
should  be  secured  with  the  net.  These  are  often  rich  in  Diatoms. 
It  must  be  remembered  that  small  quantities  are  very  difficult  to 
manipulate  afterwards. 

Marine  Diatoms  from  the  surface  should  be  collected  by  tow-net 
as  described  above  under  "  Phyto-plankton." 

Eipple  markings  often  exhibit  a  yellow-brown  colour  on  the  sides 
opposite  the  sun.  This  sand  should  be  scraped,  and  treated  in  a  pan 
as  recommended  for  the  muds.  The  process  should  be  often  repeated, 
because  the  proportion  of  Diatoms  to  sand  grains  is  often  smalL 
Eock  pools  between  tide-marks  should  be  examined,  and  sloping  or 
horizontal  rock  surfaces  scraped.  Algse  in  such  pools  and  beyond 
low- water  mark  should  be  treated  as  noted  under  "Fresh-water 
Weeds."  Shells,  especially  living  ones,  covered  with  Zoophytes  and 
small  Algae  should  be  scraped,  and  the  scrapings  sent  as  they  are. 
The  contents  of  the  stomachs  of  Holothurians,  Ascidians,  are  often 
very  rich  in  Diatoms,  Dredgings  and  rubbish  from  the  trawls  are  often 
fruitful  in  diatomaceous  remains  which  have  sunk  from  the  surface. 

If  the  surface  of  peat  deposits  shows  white  patches,  a  slice  should 
be  preserved.  Any  light  coloured  strata  of  low  specific  gravity 
either  under  peat  or  occurring  by  themselves  among  other  strata 
deserve  attention. 

Fungi. 

It  is  probable  that  minute  Agarics  and  other  Fungi  will  be 
found,  though  sparingly. 

It  is  not  possible  to  make  satisfactory  specimens  of  soft  Fungi 
such  as  Agarics  in  any  but  a  dry  climate.  Much  the  best  plan  is 
to  preserve  them  in  fairly  strong  spirit,  or  in  formalin  diluted  with 
from  five  to  ten  parts  of  water.  A  note  of  the  colours  should  be 
made  against  the  number  in  the  collecting  list,  or  on  the  ticket ; 
and,  if  possible,  in  the  case  of  an  Agaric,  the  colour  of  the  spores 
should  be  observed.  This  is  best  done  by  cutting  off  the  pileus,  and 
placing  it  for  several  hours  on  a  sheet  of  paper ;  and  the  spores  cast 
during  that  period  will  be  found  to  have  deposited  a  map  of  the 
gills  on  the  paper.  The  colour  may  then  be  noted ;  and  if  possible 
the  spore-cast  should  be  preserved  (numbered)  by  painting  a  thin 
film  of  gum  on  the  reverse  side  of  the  paper,  which  should  be  thin. 
The  pileus  should  be  placed  where  there  is  no  draught  while  casting 
its  spores. 

Mycetozoa  should  be  dried,  and  carefully  preserved  from  crushing 
by  fixing  them  in  chip-boxes. 
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ON  ARCTIC  SLEDGE'TRAVELLING. 

By  Admiral  Sir  F.  Leopold  irCLiNxocK,  K.C.B.  D.C.L.  LL.D.  F.E.S. 

Reprinted  from  the  Royal  Geographical  8oeiety*$  Frooeeding$f  toL  xix.  No.  yii.  p.  464. 

So  widespread  an  interest  in  the  subject  of  Arctic  geographical 
research  has  been  evinced,  that  I  am  encouraged  to  believe  that 
some  details  of  the  means  by  which  that  research  is  chiefly  eflfected 
may  not  be  uninteresting  to  those  who  are  here  present  And  in  this 
belief  I  have  undertaken  to  give  an  outline  of  sledging  exploration. 

My  subject  has  one  feature  peculiarly  its  own — it  is  this :  whereas 
all  other  geographical  discoveries  are  performed  either  by  land  or  by 
water,  modem  Arctic  exploration  into  the  higher  regions  of  the  Frigid 
wne  is  prosecuted  independently  of  either,  and  the  ice,  which  arrests 
the  progress  of  the  ship,  forms  the  highway  for  the  sledge. 

In  early  Arctic  voyaging,  the  ship  alone  was  relied  upon  for  pene- 
tratiDg  into  unknown  seas. 

In  the  second  and  third  voyages  of  Parry,  and  the  second  voyage 
of  Sir  John  Eoss,  between  1821  and  1834,  sledging  was  commenced, 
and  a  number  of  short  journeys  were  made,  mainly  by  the  assistance 
of  the  Esquimaux,  whose  methods  were  closely  observed  and  more  or 
less  imitated. 

But  our  seamen  had  not  yet  familiarised  themselves  with  the  idea 
that  it  was  quite  possible  for  well-equipped  Europeans  not  only  to 
exist,  but  to  travel  in  an  Arctic  climate,  as  well  as  the  Esquimaux 
themselves ;  and  it  was  not  until  the  Franklin  Searching  Expeditions 
were  sent  out,  between  1848-54,  and  thus  a  motive  far  stronger  than 
that  of  geographical  discovery  was  supplied,  that  men  seriously 
reflected  upon  the  possibility  of  any  extensive  exploration  on  foot. 
And  no  more  powerful  incentive  could  have  been  imagined  to  rouse 
the  utmost  energies  of  the  searchers,  than  the  protracted  absence  of 
the  missing  Expedition. 

The  endurance  of  the  hardiest  was  called  forth,  and  the  talent  of 
invention  evoked  and  stimulated,  until  at  length  a  system  of  sledging 
was  elaborated,  such  as  I  will  now  proceed  to  describe. 
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It  may  be  as  well  here  to  explain,  that  sledge-travelling  is  limited 
to  the  spring  months.  It  cannot  be  commenced  until  there  is  suflB- 
cient  daylight ;  it  cannot  be  continued  after  the  summer  thaw  has 
denuded  the  land  of  snow,  or  rendered  the  sea-ice  unsafe :  therefore  it 
can  seldom  be  prosecuted  with  advantage  before  the  month  of  April, 
or  later  than  June. 

The  late  Admiral  Sir  James  Ross,  the  distinguished  Commander 
of  the  Antarctic  Expedition,  who  had  served  with  very  great  credit 
in  all  the  six  voyages  of  Parry  and  John  Eoss,  from  1818  to  1834, 
formed  the  connecting  link  between  them  and  the  Searching  Expedi- 
tions, which  commenced  in  1848,  and  the  first  of  which  he  commanded. 
He  was  acquainted  with  the  flat  sledges  of  the  Hudson's  Bay  territory, 
which  alone  can  be  used  in  deep  snow,  gliding  as  they  do  over  its 
surface ;  he  was  also  acquainted  with  the  Greenland  dog-sledge,  with 
its  higli  narrow  runners  shod  with  ivory  or  bone,  and  which  cut 
down  through  the  usually  thin  layer  of  snow,  and  run  upon  the  ice 
beneath;  he  was  familiar  with  the  various  modifications  of  these 
typical  forms,  which  had  been  used  in  the  Arctic  Expeditions  of 
Parry  and  John  Ross. 

He  had,  moreover,  made  several  journeys  with  the  natives  of 
Boothia  Felix,  culminating  in  his  discovery  of  the  Magnetic  Pole; 
and,  on  one  of  these  journeys,  he  was  absent  from  his  ship  for  the 
then  unprecedented  period  of  twenty-nine  days. 

It  was  under  his  directions  that  our  sledges  and  tents  were  made 
in  1848;  and  these  designs,  with  comparatively  slight  modifications, 
have  continued  in  favour  in  all  subsequent  expeditions. 

The  tent  requires  but  little  description.  It  is  merely  a  pent-roof, 
about  seven  feet  high  along  the  ridge,  supported  on  boarding-pikes  or 
poles,  crossed  at  each  end,  and  covering  an  oblong  space  sufficient  to 
enclose  the  party  when  lying  down,  and  closely  packed  together.  Its 
duty  is  merely  to  afford  shelter  from  the  wind  and  snow-drift,  and  its 
weight,  when  completely  fitted,  is,  for  a  party  of  eight  men,  only  about 
forty  pounds.     It  is  made  of  light  closely-woven  duck. 

Tlie  sledge  is  a  much  more  important  article  of  equipment.  That 
which  our  e-^perience  has  proved  to  be  the  most  suitable  is  a  large 
runner-sledge. 

It  must  be  borne  in  mind  that  I  am  speaking  of  latitudes  beyond 
the  70th  parallel,  where,  unlike  regions  which  lie  somewhat  less 
remote,  the  fall  of  snow  is  less  considerable  and  never  deep;  and, 
moreover,  that  our  sledges  often  have  to  be  drawn  over  the  sea-ice 
>vhen  flooded  with  water  a  foot  in  depth. 

The  runners  are  rather  broad,  that  is,  three  inches,  and  they  stand 
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high,  cariying  the  lading  about  a  foot  above  the  ice.  An  average- 
sized  sledge  is  three  feet  wide  and  ten  feet  long,  and  is  drawn  by 
seven  men.  It  is  constructed  with  only  just  so  much  strength  as  is 
absolutely  necessary,  since  every  pound  of  weight  saved  in  wood  and 
iron  enables  so  much  more  provisions  to  be  carried.  All  our  sledges 
have  been  drawn  by  the  seamen,  and  the  labour  of  doing  so  is  most 
excessive. 

The  first  sledge  expedition  in  the  search  for  Franklin  was  led  by 
Sir  James  Eoss  in  person.  By  very  great  eflforts  a  distance  out  and 
home  of  500  statute  miles  was  accomplished  in  forty  days ;  but  out 
of  the  twelve  picked  men  by  whom  the  two  sledges  were  drawn,  five 
were  completely  knocked  up,  and  every  man  required  a  considerable 
time  under  medical  care  to  recruit  his  strength,  after  this  lengthened 
period  of  intense  labour,  constant  exposure,  and  insufficient  food. 

Throughout  this  paper  the  distances  will  be  in  English  statute 
mQes,  as  being  most  generally  understood. 

It  is  necessary  to  apprehend  clearly  the  nature  of  the  surface  over 
which  our  sledges  have  to  travel. 

People  unacquainted  with  the  subject  commonly  fall  into  one  or 
other  extreme,  and  suppose  that  we  either  skate  over  glassy  ice  or 
walk  on  snow-shoes  over  snow  of  any  conceivable  depth. 

Salt-water  ice  is  not  so  smooth  as  to  be  slippery ;  to  skate  upon  it 
IB  very  possible,  though  very  fatiguing.  But  hardly  is  the  sea  frozen 
over,  when  the  snow  falls,  and  remains  upon  it  all  the  winter.  When 
it  first  falls  the  snow  is  soft,  and  perhaps  a  foot  or  fifteen  inches 
deep ;  but  it  is  blown  about  by  every  wind,  until  having  become  like 
the  finest  sand,  and  hardened  under  a  severe  temperature^  it  consoli- 
dates into  a  covering  of  a  few  inches  in  depth,  and  becomes  so  com- 
pact that  the  sledge-runner  does  not  sink  more  than  an  inch  or  so : 
its  specific  gravity  is  then  about  half  that  of  water. 

This  expanse  of  snow  is  rarely  smooth :  its  surface  is  broken  into 
ridges  or  furrows  by  every  strong  wind.  These  ridges  are  the 
**Sastrugi"  of  Admiral  Wrangell;  and  although  the  inequalities  are 
seldom  more  than  a  foot  high,  they  add  greatly  to  the  labour  of  tra- 
velling, especially  when  obliged  to  cross  them  at  right  angles. 

As  the  spring  season  advances  the  old  winter  snow  becomes 
softened,  fresh  snow  falls,  and  sledging  is  made  more  laborious  still. 

At  length  the  thaw  arrives ;  the  snow  becomes  a  sludgy  mixture, 
with  wet  snow  on  top  and  water  beneath,  through  which  men  and 
sledges  sink  down  to  the  ice  below.  It  is  now  almost  impossible  to 
get  along  at  all ;  but  in  a  few  days  the  snow  dissolves,  and  we  make 
iSur  progress  again  over  the  now  flooded  ice. 
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Our  dry  provisions  and  clothing  are  so  packed  upon  the  sledge 
as  to  be  protected  from  the  wet,  but  everyone  is  of  course  drenchec 
and  remains  so  during  the  march  through  this  ice-cold  water.  Thi 
is  cold-water  cure  in  real  earnest,  but  I  would  not  recommend  an 
one  with  the  slightest  suspicion  of  a  rheumatic  tendency  to  try  it ! 

Later  still  the  water  drains  off  the  sea-ice  through  cmcks  or  hok 
decayed  in  it,  and  only  tortuous  pools  of  water  remain  upon  it. 

Later  than  this,  sledge-travelling,  without  the  accompaniment  c 
a  boat,  becomes  unsafe. 

Such  is  the  nature  of  the  travelling  when  the  sea-ice  has  not  bee 
crushed  up  into  hummocks,  or  masses  of  various  sizes  and  shapes. 

We  seldom  find  either  unbroken  ice,  or  ice  so  crushed  up  int 
ridges  that  we  cannot  get  over  it  at  all ;  but,  as  a  rule,  crushed  up  c 
hummocky  ice,  three  or  four  feet  in  height,  is  of  very  frequent  occui 
rence,  and,  of  course,  adds  much  to  the  labour  of  sledging. 

Having  accompanied  Sir  James  Ross  on  his  sledge-journey  i 
1849,  I  was  entrusted  with  the  preparations  for  sledge-travellin 
in  the  second  aud  third  searching  expeditions,  under  Austin  an 
Belcher ;  and  this  method  of  exploration  now  became  recognised  a 
an  important  feature  of  these  voyages. 

The  utmost  attention  was  devoted  to  the  travelling  equipment! 
and  to  the  methods  adopted  by  Wrangell  and  other  distinguishe 
Arctic  travellers ;  and  the  spring  parties  of  the  second  expeditio 
set  out  in  1851  on  the  15th  April,  instead  of  the  15th  of  May,  as  i 
1849  ;  and  the  sledges,  carrying  forty  days'  provisions,  were  dragge 
with  less  labour  than  thirty  days*  rations  had  previously  occasioned 
moreover,  the  allowance  was  a  much  more  liberal  one.  The  resu 
was  a  corresponding  increase  of  work  done:  one  party  remainiu 
absent  for  eighty  days,  and  making  a  journey  of  900  miles. 

But  in  1853  and  1854  the  sledge  parties  of  the  third  searchin 
expedition  did  still  better  service:  one  party  accomplished  aboi 
1400  miles  in  105  days.  Another  party,  having  several  depots  alou 
its  line  of  route,  and  favourable  circumstances  generally,  travelle 
nearly  1350  miles  in  seventy  days. 

The  two  journeys,  which  have  not  yet  been  surpassed,  are  deser\ 
ing  of  our  special  notice. 

The  first  was  purely  an  exploring  journey.  Melville  Island,  whic 
is  some  fifty  miles  broad,  and  is  of  moderate  elevation,  had  to  I 
crossed  and  recrossed.  At  the  outset,  very  heavy  loads  had  to  I 
dragged ;  and  ignorance  of  the  direction  in  which  the  unknown  coast 
line  might  trend,  interfered  with  the  deposit  of  provisions  to  serv 
for  the  return  journey ;  nevertheless,  the  daily  average  march  wa 
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twelve  miles.  The  second  was  a  despatch  journey,  and  it  shows  how 
rapidly  ground  can  be  got  over  with  a  tolerably  light  sledge,  under 
somewhat  favourable  circumstances ;  and  it  is  a  feat  which  the  sailor^ 
who  is  not  generally  credited  with  good  marching  powers,  may  justly 
point  to  with  pride :  throughout  this  journey  the  daily  march  aver- 
aged the  astonishing  distance  of  twenty  miles. 

These  facts  afford  the  strongest  proof  of  the  suitability  of  our 
travelling  equipments. 

In  any  comparisons  which  we  may  make  between  these  and  any 
otiier  marches,  we  should  bear  in  mind  that  this  Arctic  work  is  not 
merely  marching,  but  that  a  sledge,  often  heavily  laden,  has  to  be 
dragged  the  entire  distance. 

The  provisions  and  the  clothing  found  to  be  most  suitable  may 
now  be  briefly  described. 

Tea,  chocolate,  biscuit,  preserved  meat  and  pemmican  are  com- 
monly used.  Pemmican  is  a  description  of  preserved  meat  used  by 
the  Indians  of  North  America,  from  whom  it  has  been  copied.  It  is 
a  preparation  of  beef,  whereby  all  that  is  fluid  is  evaporated  over  a 
wood  fire ;  the  fibre  is  then  pounded  up,  and  mixed  with  an  equal 
weight  of  melted  beef  fat ;  no  salt  or  preservative  of  any  kind  is 
«8ed;  and  no  more  concentrated  food  for  working-men  in  a  cold 
climate  is  known. 

With  chocolate,  biscuit,  and  a  little  warmed-up  pemmican,  the 
traveller  makes  a  good  breakfast ;  a  few  ounces  of  specially  prepared 
l»con,  almost  free  from  salt,  some  biscuit,  and  a  mouthful  of  grog, 
forms  his  hasty  luncheon  on  the  march ;  and,  on  encamping,  he  has 
Ins  supper  of  warmed  pemmican,  or  other  preserved  meat,  and  tea. 

Eum  is  the  spirit  used  in  the  Navy,  and,  therefore,  in  our  Arctic 
ships.  If  the  men  were  not  accustomed  to  the  use  of  spirits  I  think 
that,  except  on  special  occasions  when  a  stimulant  is  desirable,  they 
would  be  even  better  without  it,  as  an  equal  weight  of  some  nutri- 
tious food  might  then  be  carried  instead  of  it ;  however,  the  ration  of 
nun  is  very  small. 

This  simple  dietary  is  invariable,  except  when  the  party  is  so  for- 
tunate as  to  procure  game ;  and  then  the  awkward  question  crops  up, 
of  fuel  wherewith  to  cook  it.  We  are  at  a  disadvantage  with  those 
hardy  men  who  are  content  to  cook  their  meat  with  frost ;  although 
a  sandwich  of  frozen  bear's  blubber  and  biscuit  is  palatable  enough, 
and  I  think  most  of  the  gentlemen  in  this  room  would  agree  with  me 
if  they  were  fairly  educated  up  to  it  by  a  few  days'  sledging  in  the 
month  of  March. 

All  our  cooking  is  done  with  lamps,  the  fuel  being  either  spirits 
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of  wine,  or  some  fatty  substance,  such  as  stearine  of  cocoa-nut  oil, 
tallow  or  blubber.  The  latter  alone  is  used  by  the  Esquimaux ;  we 
prefer  the  stearine,  as  it  cooks  more  rapidly  and  makes  less  smoke, 
and  the  stearine  lamp  suits  equally  well  for  blubber,  or  any  animal 
fat  procurable  on  the  march. 

The  clothing  of  the  men  is  a  subject  of  equal  difficulty  and  im- 
portance ;  it  must  be  suited  to  the  temperature  under  which  they 
travel,  and  this  often  ranges  over  100  degrees,  that  is,  from  +  50*^ 
to  —  50° ;  it  must  not  suffer  by  frequent  wettings,  and  should  dry 
quickly ;  and,  as  only  the  outer  wrappings  of  the  feet  are  ever  taken 
off  while  the  frost  lasts,  it  should  also  be  suitable  for  sleeping  in. 

Our  system  of  dressing  is  this :  soft,  warm  woollen  articles  under 
a  cloth  which  is  impenetrable  to  the  wind,  and  is  commonly  known 
as  box-cloth ;  and  this  again  under  a  suit  of  closely-textured  duck 
overalls,  as  snow  repellers. 

The  feet  are  wrapped  in  squares  of  blanketing,  and  covered  with 
leather  moccasins  during  extreme  cold ;  or  with  duck  boots,  having 
leather  soles,  for  moderate  Arctic  cold  or  for  wet. 

The  entire  suit  of  clothing  in  wear  weighs  from  sixteen  to  twenty- 
one  pounds. 

The  tent  furniture  consists  of  a  Macintosh  floor-cloth  spread 
upon  the  snow,  over  which  is  a  thick  duffle  blanket,  and  upon  this 
the  men  lie  down  in  their  sleeping-bags,  which  are  made  of  the  same 
material,  and  another  duffle  blanket  is  then  drawn  over  the  party, 
their  knapsacks  serving  as  pillows. 

It  will  be  noticed  that  furs  are  not  used.  Although  they  are  very 
warm  and  agreeable,  when  in  good  condition,  to  sit  in,  to  sleep  in,  or 
even  to  work  in,  where  they  can  be  dried  each  night  before  a  fire ; 
and  although  they  have  been  generally  used  hitherto,  yet  they  have 
been  deliberately  set  aside  for  such  dresses  as  I  have  described, 
because  we  have  found  that  they  check  the  escape  of  evaporation, 
they  more  readily  absorb  moisture,  are  more  difficult  to  dry,  and 
shrink  much  when  wetted  and  frozen.  I  speak  of  such  furs  as  are 
commonly  procurable  in  this  country.  Those  which  have  been 
dressed  by  the  Esquimaux  or  North  American  Indians  are  much 
better  suited  to  our  rough  work. 

Let  us  imagine  the  scene  when  spring  travelling-parties  set  out 
from  their  ships  to  explore  the  unknown  expanse  before  them. 

It  was  on  the  morning  of  the  4th  of  April  that  they  started  from 
the  Resolute  and  Intrepid,  commanded  by  the  late  Admiral  Sir  Henry 
Kellett  and  myself,  at  Melville  Island.  Out  of  the  eighty-eight  indi- 
viduals composing  the  crews  of  both  vessels,  seventy-one  were  away 
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sledging  at  one  time ;  each  separate  sledge  party  consisting  of  one 
officer  and  six  or  seven  men. 

Each  sledge  hoists  a  gay  silken  banner,  emblazoned  with  some 
heraldic  device,  some  pointed  motto,  perhaps  the  name  given  to  the 
sledge,  or  perhaps  some  mysterious  initials,  known  only  to  the  leader 
of  the  small  party — a  little  mystery,  however,  which  only  awaits  the 
return  home  of  the  expedition  for  its  satisfactory  solution. 

After  mutual  cheers,  they  part  upon  their  lonely  and  toilsome 
mission.  But,  trying  as  is  the  work  before  them,  it  would  be  difl&cult 
to  over-rate  the  enthusiasm  displayed.  They  have  just  passed  through 
many  months  of  darkness  and  confinement  on  board,  spent  chiefly  in 
preparation  for  this  great  spring  effort ;  nor  is  the  keenest  emulation 
wanting  to  complete  a  most  impressive  and  characteristic  display. 
Strong  sense  of  duty,  and  an  equally  strong  determination  to  accom- 
plish it— dauntless  resolution  and  indomitable  will;  that  useful  com- 
pound of  stubbornness  and  endurance  which  is  so  eminently  British, 
and  to  which  we  islanders  owe  so  much — certainly  our  Colonies  and 
our  commerce,  possibly  even  our  existence  as  a  nation. 

These  lonely  little  parties,  daring  and  enduring  so  much,  resemble 
sparks  from  that  great  fire  which,  I  venture  to  say,  is  not  yet  extinct 
in  this  nation — the  ardent  love  of  the  most  adventurous  enterprise. 

Each  officer  leads  his  party,  selecting  the  route,  jotting  down 
everything  noteworthy  in  his  diary,  making  a  running  survey  as  they 
advance,  and  checking  his  estimated  distances  by  astronomical  obser- 
vations. He  is  also  constantly  on  the  look-out  for  game.  When  he 
can  leave  these  ordinary  duties  he  takes  part  in  the  manual  labour 
of  dragging  the  sledge.  Clothed  and  fed  like  his  men,  he  is  housed, 
or  rather  tented,  exactly  as  they  are,  sharing  in  all  things  with  them ; 
thus  he  becomes  something  more  than  the  leader,  or  even  the  head 
of  the  party :  he  is  its  very  pulse.  These  relations  fairly  established, 
he  receives,  in  return,  the  most  implicit  confidence  and  devotion  of 
his  people.  If  he  reserves  anything  for  his  own  private  use  it  is  his 
spoon:  there  being,  of  course,  no  washing  up  of  mess  traps  after 
meals  in  frosty  weather. 

In  the  extensive  sledging  operations  of  the  third  and  last  Govern- 
ment Searching  Expedition,  our  entire  immunity  from  severe  frost- 
bites was  in  strong  contrast  with  the  second  Expedition,  where  there 
were  some  thirty  cases  of  seriously  frost-bitten  feet ;  and  this  fact  affords 
most  satisfiactory  proof  of  the  greater  efficiency  of  the  men's  clothing. 
Before  taking  leave  of  these  spring  parties,  let  us  glance  at  them 
on  the  march,  and  notice  the  amount  of  work  accomplished  by  those 
we  have  already  alluded  to. 
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During  the  month  of  April  the  snow  is  hard,  and  favourable  for 
travelling,  but  the  winds  are,  of  course,  still  very  cold ;  and  if  at  all 
fresh,  frost-bites  are  almost  constantly  playing  about  the  men's  faces. 
Thirst  is  also  a  good  deal  complained  of.  May  diflfers  in  being  milder: 
the  sun  is  now  constantly  up ;  snow-blindness  is  more  frequent  than 
frost-bites,  and,  to  avoid  it  as  much  as  possible,  the  travellers  sleep 
by  day  and  march  by  night.  Some  fresh  snow  falls,  and,  therefore, 
although  the  sledges  are  lighter,  the  labour  of  dragging  is  scarcely 
diminished.  Between  the  old  frost-bites,  the  keen  winds  and  strong 
sun,  all  faces  are  badly  blistered ;  most  noses  are  absolutely  raw,  and 
finger-tips  quite  callous  from  frequent,  though  slight,  frost-bites. 
Early  in  June  a  few  eider  ducks,  gulls  and  ptarmigan  appear.  As 
the  month  advances  the  snow  becomes  very  soft.  Soon  the  thaw 
bursts  forth ;  the  land  is  rendered  impassable  by  innumerable  stream- 
lets ;  the  sea-ice  is  flooded,  and  the  whole  aspect  of  nature  has  sud- 
denly changed. 

Matters  now  look  serious.  But  frost-bites  are  things  of  the  past ; 
even  snow-blindness  is  less  troublesome,  and  the  abundance  of  water 
is  an  unspeakable  relief.  Those  who  have  soap  are  now  tempted  to 
use  it !  This,  however,  is  the  season  for  rheumatic  pains,  consequent 
upon  the  daily  march  through  ice-cold  water.  It  is  well  to  avoid 
such  late  travelling  as  this. 

The  travellers  return  with  prodigious  appetites ;  they  weigh  on 
an  average  twelve  lbs.  less  than  when  they  set  out ;  they  are  reduced 
in  strength  as  well  as  in  flesh,  yet  they  can  walk  for  hours  without 
fatigue ;  their  sight  for  distant  objects  is  much  more  keen,  and  their 
powers  of  observation  of  external  objects,  such  as  traces  of  men  or 
animals,  etc.,  much  sharpened  by  exercise :  in  fact,  they  have  advanced 
a  stage  towards  the  condition  of  the  North  American  Indian. 

The  nine  sledge  parties  employed  in  the  spring  of  1853,  from  the 
Resolute  and  Intrepid,  accomplished  in  the  aggregate  7000  miles,  and 
discovered  and  explored  about  1800  miles  of  coast-line.  This  single 
spring  season's  travelling  may  be  taken  as  a  suitable  basis  for  calcu- 
lating what  possible  amount  of  work  may  be  performed  by  the  out- 
going Arctic  Expedition,  provided  that  all  the  circumstances  prove  to 
be  somewhat  similar. 

In  the  spring  operations  alluded  to  Captain  Nares  took  a  share, 
and  played  his  part  well,  giving  proofs  of  those  high  qualities  which 
have  since  borne  such  good  fruit,  and  which  so  amply  justify  his 
translation  from  one  very  interesting  and  important  command  to 
another  still  more  important,  more  difficult,  perhaps  the  most  diffi- 
cult, to  which  a  commander  could  aspire. 
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In  the  Government  Searching  Expeditions  we  gained  no  experi- 
ence of  snow-houses,  and  but  little  of  sledging  with  dogs,  yet  that 
little  was  sufficient  to  convince  us  of  their  value.  For  instance, 
during  the  spring  of  1854,  our  only  team  of  dogs  was  kept  constantly 
at  work,  and,  without  counting  occasional  short  trips,  they  accom- 
plished in  sixty  days'  travelling,  1830  miles,  affording  an  average 
rate  of  thirty  miles,  their  sledge  on  the  whole  being  rather  lightly 
laden.  On  several  occasions  they  performed  the  distance  of  sixty 
miles  between  the  Assistance  and  North  Star  in  from  twenty  to 
twenty-four  hours. 

The  Government  having  finally  abandoned  the  search,  Lady 
Franklin  nobly  determined  to  make  one  more  effort,  and  in  1857  she 
sent  out  the  little  Fox,  under  my  command. 

Ai  our  entire  crew  numbered  only  twenty-four  souls,  the  employ- 
ment of  dogs  now  became  a  necessity ;  accordingly  twenty-four  were 
embarked.  In  the  spring  of  1859  we  sent  out  from  the  Fox  three 
separate  divisions  of  search,  each  consisting  of  six  men  and  six  or 
seven  dogs ;  each  division  accomplished  about  1000  miles  of  distance, 
and  men  and  dogs  worked  harmoniously  together  for  the  lengthened 
period  of  nearly  eighty  days. 

Dog-driving  is  so  well  known  that  but  little  need  be  said  here 
about  it  Sometimes  there  was  a  little  delay  at  starting,  the  dogs 
not  allowing  themselves  to  be  caught  and  harnessed.  Their  harness 
consists  of  a  few  strips  of  canvas,  and  a  single  trace  of  about  twelve 
feet  long,  the  leading  dog  having  a  longer  trace  than  the  rest  Once 
started  they  are  guided  by  the  whip,  which  the  driver  should  be  able 
to  use  effectively  with  either  hand.  As  the  dogs  on  each  flank  are 
most  exposed  to  its  influence,  there  is  a  continual  striving  to  get 
iato  the  middle,  by  jumping  over  each  other's  backs,  so  that  it  is 
often  necessary  to  halt,  pull  off  one's  mitts,  and  at  the  risk  of  frozen 
fiogers,  disentangle  the  traces  which  have  become  quite  plaited  up 
together.  When  a  dog  feels  the  lash  he  usually  bites  his  neighbour, 
who  bites  the  next  dog,  and  a  general  fight  and  howling  begin.  The 
lash  is  no  longer  of  any  avail,  and  the  driver  is  compelled  to  restore 
order  with  the  handle  of  his  whip.  The  journey  is  then  more 
briskly  continued  for  a  little  time,  and  so  on  throughout  the  march, 
until  at  length  camping  time  arrives. 

The  moment  our  weary  dogs  were  allowed  to  cease  dragging, 
they  fell  asleep  and  remained  motionless,  until  the  cook  for  the  day 
commenced  chopping  up  the  pemmican  or  the  dog's  meat  At  the 
first  sound  of  his  axe  they  would  spring  up  and  surround  him  like 
so  many  famished  wolves,  darting  upon  any  splinters  of  meat  which 
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flew  off,  or  watching  an  opportunity  to  steal  some  pieces.  Besides 
this  severe  trial  of  the  cook's  temper,  more  of  his  time  was  spent 
in  chopping  at  the  dogs  than  in  chopping  up  the  frozen  supper. 
We  were  careful  not  to  feed  the  dogs  until  an  hour  after  halting ; 
when  that  time  arrived,  their  food  (commonly  frozen  seal's  or  bear's 
flesh)  was  strewed  over  the  snow,  and  trampled  into  it,  before  the 
rush  for  supper,  so  as  to  enable  the  weak  ones  to  secure  an  equal 
share  with  the  strong.  I  think  this  was  the  only  car«  we  found  it 
necessary  to  bestow  upon  them.  We  were,  of  course,  obliged  to 
take  numberless  precautions  against  them,  removing  out  of  their 
reach  anything  which  they  could  eat  or  gnaw. 

Dogs  are  most  useful  when  dispatch  is  required,  or  when  the 
temperature  is  so  low  that  it  is  undesirable  to  expose  more  men 
than  is  absolutely  necessary.  Two  men,  with  a  good  team  of  a 
dozen  dogs,  can  travel  with  astonishing  speed ;  the  men  securing 
themselves  each  night  against  frost-bite  in  a  small  snow-hut  or 
burrow,  when  they  can  find  a  sufi&cient  depth  of  snow  to  do  so,  but 
this  is  by  no  means  always  the  case  on  sea-ice  at  a  distance  from 
the  land.  In  this  manner  I  made  a  journey  of  twenty-five  days, 
with  fifteen  dogs,  a  driver  and  an  interpreter.  We  started  on  the 
17th  of  February,  and  accomplished  420  miles;  the  temperature, 
which  was  sometimes  as  low  as  —  48°,  averaged  —  30°  throughout. 
Snow-huts  were  built  each  night,  although  we  were  very  slow  and 
clumsy  masons,  requiring  an  hour  and  a  half,  instead  of  from  one- 
half  to  three-quarters  of  an  hour  to  house  ourselves !  My  dog-driver, 
whose  previous  experience  had  taught  him  what  luxuries  this  mode 
of  travelling  was  capable  of,  used  to  sleep  warmly  enough,  with  one 
dog  at  his  back  and  another  at  his  feet !  An  Esquimaux  dog  is  more 
remarkable  for  the  thicknesss  of  his  fur  than  for  anything  else.  He 
has  a  broad  head  and  chest,  keen  scent,  and  strong  dislike  to  the 
water.  Our  largest  and  best  dogs  measured  twenty-three  inches  high 
at  the  shoulders,  and  weighed  about  seventy  pounds  when  in  fair 
condition.  Two  dogs  require  the  same  weight  of  food  as  one  man, 
and  they  will  draw  a  man's  full  load  for  about  one-fourth  a  greater 
distance  than  a  man  would.  If  both  man  and  dogs  are  but  lightly 
laden,  the  dogs  will  almost  double  the  distance  which  the  man 
could  do. 

I  have  now  completed  my  brief  outline  of  Arctic  sledging  opera- 
tions, down  to  the  return  of  the  Fox^  the  last  of  the  English 
expeditions. 

All  the  experience  gained  in  that  memorable  series  of  voyages 
between  1818  and  1859  has  been  brought  to  bear  upon  the  equip- 
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ment  of  the  expedition  of  1875,  and  it  is  further  intended  that  dogs 
and  snow-huts  should  be  used  to  a  considerable  extent. 

As  on  former  occasions,  so  now  also,  upon  the  persistency  of  their 
efforts  in  sledging  will  mainly  depend  the  amount  of  their  success. 

To  sledging  we  are  indebted  for  almost  all  our  modern  Arctic 
achievements. 

To  it  we  confidently  look,  as  a  means  of  escape  where  neither 
ships  nor  boats  would  avail.  And  here,  permit  me  to  quote  from  a 
paper  which  I  wrote  some  years  ago  : — 

"  It  Is  now  a  comparatively  easy  matter  to  start  with  six  or  eight 
men,  and  six  or  seven  weeks'  provisions,  and  to  travel  some  600  miles 
across  snowy  wastes  and  frozen  seas,  from  which  no  sustenance  can 
be  obtained.  There  is  now  no  known  position,  however  remote,  that 
a  well-equipped  crew  could  not  effect  their  escape  from,  by  their  own 
unaided  efiTorts." 

I  had  the  great  satisfaction  of  learning  from  Lieutenant  Payer, 
when  he  recently  visited  this  country,  that  these  words  of  mine 
afforded  very  great  encouragement  to  him  and  his  companions,  when 
their  ship  became  inextricably  beset,  and  when  she  was  finally 
abandoned  in  the  80th  parallel  of  latitude. 

To  sledging  we  owe  many  thousand  miles  of  coast-line  discovered 
and  explored,  and  finally,  the  recovery  of  the  sad,  but  glorious, 
record  of  the  heroic  deeds  of  Franklin's  Expedition.  And  to  sledg- 
ing we  shall  owe  the  principal  share  of  whatever  work  may  be 
accomplished  by  the  brave  men  who  have  now  gone  out. 

What  their  measure  of  success  may  be,  none  dare  predict. 

The  public  mind,  perhaps  unaware  of  the  formidable  difficulties 
which  surround  it,  points  to  the  crowning  glory  of  reaching  the  North 
Pole — that  goal  of  so  much  ambition  and  endeavour. 

This  consummation  is  possible,  and  may  the  high  distinction  be 
theirs.  But  it  is  only  fair  to  state,  that  so  little  practical  improve- 
ment could  be  efiected  in  the  equipment  of  travelling  parties,  that 
we  cannot  reasonably  expect  that  the  sledging  exploits  of  1853  and 
1854  will  be  eclipsed  by  those  of  1875. 

However,  what  has  been  done  will  be  done  again,  if  the  state 
of  the  ice  is  at  all  similar ;  but  of  this  we  are  of  course  uncertain. 
This  18  a  grave  uncertainty.  We  know  that  an  open  sea  has  been 
foond  at  no  great  distance  off  the  Siberian  coast ;  and  that  it  rendered 
nugatory  all  Wrangell's  attempts  to  sledge  northwards.  Yet  it  is 
worthy  of  remark  that  Wrangell  was  one  of  the  first,  if  not  the 
yfBry  first  person,  to  suggest  an  attempt  to  reach  the  Pole  from 
Smith  Sound. 
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No  reliable  indications  of  a  similar  state  of  things  to  that  which 
he  experienced  off  Siberia  has  been  found  anywhere  northward  of 
the  islands  and  shores  of  America.  We  have  occasionally  been 
startled  by  announcements  of  open  water;  but  a  little  further  ex- 
ploration has  proved  these  iceless  spaces,  or  Polynias,  to  be  very 
limited  in  extent,  and  solely  due  to  local  and  apparent  causes,  such 
as  currents  or  tides,  and  they  have  only  been  found  in  straits,  and 
not  to  seaward  of  an  open  coast-line. 

Captain  Nares  has  this  advantage  over  Wrangell,  that  he  is 
provided  with  boats  fit  to  navigate  a  partially  iceless  sea,  should 
his  sledging  be  interrupted  by  water.  Now,  we  know  that  the 
failure  of  Parry's  attempt  to  reach  the  North  Pole  in  1827,  was 
largely  due  to  the  great  weight  of  his  boats,  and  the  consequent 
diflSculty  of  dragging  them  over  the  ice.  This  error  we  have 
attempted  to  correct,  by  supplying  boats  of  considerably  less  than 
half  the  weight  of  Parry's. 

But  Arctic  explorers  are  well  aware  that  there  is  one  condition 
which  bars  all  progress :  and  that  is — ice  which  is  too  thin  to  sledge 
over. 

Let  us  hope  that  our  explorers  may  not  meet  with  any  such 
insuperable  difficulty. 

We  know  full  well  that  ordinary  obstructions  will  but  strengthen 
their  determination  to  solve  the  great  geographical  problem  com- 
mitted to  them ;  and  we  have  the  satisfaction  of  knowing  that  this 
national  undertaking  could  not  be  placed  in  abler  hands.  They  will 
carry  with  them  the  assurance  that  they  have  not  only  our  heartiest 
wishes  for  their  success,  but  our  entire  confidence  in  their  resolute 
endeavours  to  deserve  it. 
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From  THE  *' Journal*  op  a  Voyage  towards  the  South 

POLB    ON    BOAKD    THS    BrIQ    <  TuLA,'   UNDER    THE    COMMAND    OF  JOBN 
BiSCOB,  WITH  THE  CuTTER  *  LlVfiLY  *   IN   COMPANY." 

I. 

pUcoeery  of  Enderhy  Land. 

Nov.  27,  1830. — On  the  27th,  having  completed  our  water,  etc., 
weighed  and  made  sail  to  proceed  for  our  eouthem  voyage  with  the 
^ind  northerly.  Moderate,  but  rather  hazy.  At  4  p.m.  the  entrance  to 
Berkeley  Sound  bore  west  about  thirteen  miles,  when  I  took  sights  for  the 
chronometers,  and  took  my  departure  from  lat.  51°  33',  long.  57°  31'  15", 
ud  the  instructions  given  to  me  by  my  owners  being,  if  not  inconvenient, 
to  visit  the  S.E.  part  of  Sandwich  Land — and  the  Aurora  Islands  having 
))een  sought  for  in  vain  by  Captain  Weddell — I  thought  it  advisable  to 
<hape  a  course  a  few  miles  to  the  northward  as  laid  down  by  the 
Spaniards,  he  having  made  many  courses  to  the  southward.  On  the 
28th,  our  latitude  at  noon  was  51°  57',  longitude  by  chronometer, 
54^  34'  0"  W.  The  wind  during  the  night  freshened  at  N.N.W.,  with 
thick  weather. 

Nov.  29. — On  the  29th,  in  the  forenoon,  passed  some  patches  of  kelp. 
Haiy  weather  during  the  whole  of  these  24  hours.    The  weather  be- 
came thick  towards  midnight,  And  the  wind  hauled  round  gradually  to 
the  N.W.,  and  at  noon  on  the  30th  blew  a  heavy  gale  at  W.N.W.,  when 
I  hauled  up  E.N.E.,  to  avoid  danger  to  the  southward.    At  2  p.m.  ob- 
Knred  the  cutter  round  to,  when  we  took  in  the  foretopsail  and  foresail, 
tod  hove  to  under  balance,  reefed  mainsail  and  foretrysail.    At  8  p.m. 
lost  sight  of  the  cutter,  but  on  the  morning  of  the  1st  December  spoke 
her,  and  found  she  had  shipped  a  sea  which  carried  away  part  of  her 
bulwarks  and  stove  one  of  her  boats.     We  likewise,  unfortunately,  on 
the  night  of  the  30th  November  lost  our  jolly-boat  from  the  stem,  the 
hook  of  one  tackle  breaking  and  the  bolts  drawing  off  the  boat's  stem. 
Moderate  breesses  from  the  S.W.  with  a  heavy  sea  from  yesterday's  gale. 
Many  albatross  and  other  birds  in  sight.     The  observed  latitude  at  noon 
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was  51°  16'  S.,  longitude  by  chronometer,  46°  61'  W.,  barometer  29°  20'. 
In  the  air,  44°.  Water,  40°.  Light  airs  from  the  southward,  which 
towards  night  came  from  the  S.E.,  and  continued  the  whole  of  the  3rd 
in  that  quarter  with  some  showers  of  snow  and  sleet.  In  the  last  four 
or  five  days  I  have  found  a  northerly  current  of  at  least  thirty  miles, 
the  longitude  by  chronometers  and  dead  reckoning  agreeing  nearly, 
and  there  being  that  difference  betwixt  the  latitude  by  dead  reckoning 
and  observation. 

Dec.  4. — During  this  day  and  yesterday  the  weather  has  been  thick, 
with  the  wind  from  the  S.E.,  and  a  heavy  sea  running  from  that  quarter. 
Many  birds,  viz.  Cape  pigeons,  stormy  and  blue  petrels,  and  different 
species  of  the  albatross  about  the  vessel,  and  some  right  whales.  On  the 
6th,  a.m.,  the  wind  drew  round  to  the  northward  with  fine  weather.  On 
the  7th,  10  a.m.,  observed  the  distance  of  the  sun  and  moon,  which 
at  noon  gave  the  longitude  by  means,  34°  43'  30",  the  chronometers 
35°  00'  00".     Latitude  51°  48'  5".     Light  winds  from  the  northward. 

Dec.  8. — Thick  foggy  weather ;  not  thinking  it  safe  to  run,  hove  to; 
our  latitude  by  account  being  53°  21'  S.,  long.  32°  18'  W.,  and  at  2  p.m., 
pussed  close  to  windward  of  a  small  iceberg.  On  the  9th  at  noon  the 
weather  cleared  up  for  a  little  time,  which  allowed  me  to  get  an  obser- 
vation, which  gave  the  lat.  52°  46',  by  dead  reckoning  53'  18"  S.,  which 
makes  a  northerly  set  of  32'  in  3  days.  Longitude  from  last  observation 
31°  12'  W.  On  the  9th,  p.m.,  the  weather  continued  the  same,  so  that  we 
were  continually  bearing  up  and  heaving  to,  as  the  weather  thickened 
or  cleared  away.  At  2  a.m.  on  the  10th  two  large  icebergs  were  observed 
on  the  larboard  bow,  our  head  being  to  the  northward.  At  3,  being  a 
little  more  clear, bore  up,  passing  through  a  large  cluster  of  icebergs  during 
the  day,  some  very  large.  As  I  conceived  these  to  be  diifted  between  Sand- 
wich Land  and  South  Georgia,  I  kept  rather  an  easterly  course,  hoping  by 
that  means  to  avoid  them.  p.m.  We  had  strong  gales  from  the  westward. 
After  a  short  run  the  weather  again  became  thick ;  hove  to  at  10  a.m. 
Made  lights  to  the  cutter,  which  were  answered,  but  from  11  o'clock  saw 
no  more  of  her,  she  being  then  considerably  on  our  weather  bow,  our 
head  being  S.S.W.,  the  wind  westerly  and  blowing  a  strong  gale. 

Dec.  11. — A.M.  About  1  o'clock  found  ourselves  close  down  upon  an  ice- 
berg ;  wore  round  to  the  northward  until  daylight,  when  we  again  stood 
to  the  southward  in  hopes  of  finding  the  cutter,  as  I  had  given  Mr. 
Avery  particular  instructions  should  he  part  company  in  a  fog,  to  plaoe 
himself  as  near  as  possible,  when  it  cleared  away,  in  the  situation  in  which 
he  lost  sight  of  us,  or  if  in  the  night  to  do  the  same  in  the  momiRg,  and 
not  under  any  circumstances  to  make  sail  again,  or  run  during  the  fog, 
and  had  he  attended  to  these  directions  he  must  certainly  have  seen  us 
on  the  11th  at  noon,  as  the  Tula  was  never  at  any  time  more  than  fiv6 
or  six  miles  from  the  iceberg  we  saw  on  the  preceding  morning.  At 
12.30  the  iceberg  bore  S.  J  W.,  and  conceiving  the  cutter  might  be  still 
further  to  the  westward,  I  bore  up  and  ran  under  the  lee  of  it,  and 
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brought  it  to  bear  about  N.W.  distant  one  mile,  when  I  again  hove  to, 
the  weather  being  still  hazy,  in  hopes  to  see  the  cutter  when  it  should 
clear  away.  At  daylight,  on  the  12th,  the  weather,  more  moderate  and 
tomething  clearer  than  yesterday,  continued.  Lying  to  until  noon, 
when  not  seeing  anything  of  the  Lively,  bore  up  S.S.E.  for  Sandwich 
Land,  where  I  hoped  still  to  find  her.  What  makes  it  worse  than  all  is 
that  the  carpenter  is  on  board  her,  he  having  been  sent  there  two  days 
since  to  repair  her  boat,  and  the  weather  not  permitting  him  to  come 
on  boaid  again.  I  likewise  found  the  barometer  broken  this  morning, 
but  cannot  trace  out  by  what  means,  so  must  conclude  it  has  burst  of 
itself  Latitude  at  noon  by  indifferent  observations  45^  7',  chronometers 
26^  38'.  At  10  o'clock  p.m.,  whilst  running  under  easy  sail,  the  vessel 
grated  over  something  like  coral — though  but  slightly,  as  some  on  deck 
did  not  perceive  it — which  I  expect  was  some  floating  ice,  as  we  have 
seen  several  small  pieces  lately ;  but  now  I  could  perceive  nothing,  and 
although  we  sounded  several  times  with  100  fathoms  of  line,  found  no 
bottom,  and  am  quite  at  a  loss  to  conceive  what  it  wan.  a.m.  13th. 
Thick  weather.  Wind  W.N.W.  4.30.  Hove  to,  not  considering  it  safe 
to  run,  as  I  find  Travers  Island  laid  down  at  least  6°  longitude  different 
in  the  charts,  and  likewise  much  difference  in  the  latitude.  At  noon,very 
thick  fog.    Latitude  by  dead  reckoning,  55°  10'  S.   Longitude  26°  15'  W. 

Dee,  14. — Strong  gales  and  thick  weather  as  yesterday.  For  the 
last  eight  or  ten  days  I  have  not  been  able  to  get  more  than  two 
observations  which  can  be  depended  on.  Noon,  saw  the  cutter  in  the 
8.S.W. ;  wore  round  to  close  her,  spoke  her,  and  found  she  had  not  met 
with  any  damage,  p.m.,  more  moderate.  Strong  winds  from  the  west- 
ward, with  snow  squalls.  Two  or  three  icebergs  continually  in  sight. 
Yerj  few  birds,  some  stormy  petrels,  Cape  pigeons,  and  now  and  then 
the  small  albatross  with  black  wings.    Saw  one  sea  or  Port  Egmont  hen. 

Dee,  16. — Weather  fine  and  more  clear.  Made  all  sail  to  the  south- 
ward from  good  sights.  The  longitude  by  means  of  all  the  chronometers 
was  23^  SO*  45" ;  latitude  by  double  altitudes,  it  being  hazy  at  noon, 
57**  00*  S.,  by  dead  reckoning  56°  69'  S. 

Dec  17. — The  wind  veered  gradually  to  the  northward  and  westward, 
with  comparatively  smooth  water,  and  although  Sandwich  Land  appears 
to  be  imperfectly  laid  down,  I  now  concluded  myself  to  be  under  the 
lee  of  it.  Towards  evening  it  blew  a  heavy  gale  of  wind  from  the  N.W., 
with  thick  weather,  which  obliged  us  to  heave  to,  as  several  icebergs 
were  about  us.  Some  penguins  were  in  sight  during  the  day,  with 
stormy  and  blue  petrels.  The  snow-birds,  or  kind  of  white  petrel  and 
some  nellies,  but  no  albatross  for  some  days  back. 

Dee.  18. — Strong  breezes,  and  hazy  from  north-west  by  west.  Owing 
to  the  strong  gales  from  the  westward  and  thick  weather,  I  have  been 
able  to  make  but  little  progress  towards  Sandwich  Land.  Saw  two  fin- 
backed  whales  to-day.  Passed  several  icebergs,  and  some  small  pieces  of 
flat  ioe.     Noon,  latitude  by  very  indifferent  observations,  58''  4^'  ^.  \ 
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longitude  by  chronometer,  23°  68'  W.  Cutter  in  company,  standing  td 
the  S.W.  with  all  possible  sail.  Wind  W.N.W.  Some  thick  snows  and 
sleet  during  the  day.     Thermometer,  air  32*^,  water  33°. 

Dec.  19. — A.M.  Many  small  birds  about  the  vessel,  viz,  stormy  and 
blue  petrels ;  observed  a  white  gull  with  its  leg  broken.  Saw  also  many 
penguins,  some  whale  and  blackfish.  Wind  strong  from  the  westward, 
and  hazy,  so  that  I  could  get  no  observations.  Latitude  by  ax^count 
at  noon,  58°  20'  S. ;  longitude  from  last  observation  of  chronometer, 
25°  IV  45"  W  ;  about  8  p.m.  saw  something  on  the  W.S.W.  which  had 
the  appearance  of  land. 

Dec,  20. — During  the  whole  of  last  night  and  this  morning  the 
weather  has  been  so  thick  we  could  scarcely  see  two  cables*  length  from 
the  vessel.  Water  rather  smooth  ;  wind  W.N.W.,  with  snow  squalls, 
many  penguins  and  small  birds  about  the  vessel. 

Dec,  21. — A.M.  Heavy  squalls  with  thick  snow  from  the  north-west- 
ward. Shortened  and  made  sail  as  the  weather  required,  endeavouring 
to  get  to  the  westward,  and  at  11.30  a.m.  saw  laud  bearing  from  S.  ^and 
W.  to  W.S.W.  ;•  wore  round  to  the  northward  on  account  of  the  heavy 
squalls  from  the  N.W.,  which  brought  on  thick  weather.  At  noon  the 
latitude  by  observation  (this  being  the  first  for  some  days)  was  58°  21'  S. ; 
by  account,  58^  17'  8. ;  longitude  by  chronometer,  26°  45'  W. ;  by  dead 
reckoning,  27°  12'.  The  land  on  the  opposite  side  to  Cape  Montagu, 
bearing  about  S.W.,  which  has  a  most  terrific  appearance,  being  nothing 
more  than  a  complete  rock  of  about  six  or  seven  miles  in  length  on  the 
east  side,  and  covered  with  ice  and  snow,  so  much  so  that  it  was  hardly 
possible  to  distinguish  the  rock,  the  snow  and  the  clouds  above  these, 
one  from  the  other,  and  there  being  no  appearance  of  a  landing  place 
after  standing  in  within  five  or  six  miles,  it.  was  the  opinion  of  most  on 
board  that  nothing  of  consequence  could  be  got,  which  agreeing  with 
my  own  ideas  on  the  subject  I  hauled  ofif  to  the  southward,  in  hopes  to 
find  a  better  chance  elsewhere.  The  rock,  which  is  quite  perpendicular 
all  round  to  appearance,  is  laid  down  at  least  fifty  miles  too  far  east. 
Many  drift  pieces  of  ice  about  us.  Saw  a  large  shoal  of  blackfish  this 
afteruoon,  but  did  not  wish  to  waste  time  in  sending  after  them. 
Several  icebergs  in  sight,  one  of  large  size  appeared  to  have  drifted  from 
the  southward,  and  remained  stationary  on  the  southern  end'  of  the  rock 
or  island  we  had  just  left,  which  by  my  calculation  lies  in  latitude  58° 
25'  S.,  longitude  (center)  26°  55'  W.  p.m.,  observed  the  appearance  of 
land  in  the  S.W. 

Dec,  22. — A.M.  Hauled  to  the  wind  on  the  larboard  tack  until 
daylight,  weather  being  hazy.  Wind  from  west  to  south.  Towards 
noon  it  blew  a  strong  breeze  from  the  southward,  with  clear  cold 
weather.  Saw  an  island  to  the  south-west  exactly  similar  to  the  first, 
which  bore  now  W.  by  N.  about  twenty-five  miles,  and  not  being  able 
to  fetch  the  southernmost,  bore  away  for  the  other  at  4  p.m.,  being  about 
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four  miles  from  the  land.  Sent  the  cutter  in  with  the  boats  to  explore 
it  The  thermometer,  while  close  under  the  land,  was  in  the  air  29®, 
water  31°.     The  wind  S.  by  W. 

At  8  p.m.  the  boats  returned,  not  having  observed  the  least  trace 
of  seal  or  elephant,  or  even  been  able  to  find  a  landing  place,  as 
the  rock  was  quite  steep  to,  and  no  soundings  with  the  hand  lead, 
and  nothing  to  be  seen  on  shore  but  penguins,  which  were  in  great 
numbers.  No  birds  near  the  vessel  with  the  exception  of  some  spotted 
eaglets  or  Cape  pigeons.  While  lying  to  for  the  boats,  I  observed 
another  island  bearing  froin  about  N.  by  W.  thirty  or  forty  miles,  but 
as  it  had  the  same  appearance  with  the  other,  i.e.  a  complete  snow  bank, 
I  would  not  lose  time  in  going  to  it,  but  filled  and  stood  to  the  S.E., 
there  being  the  appearance  of  land  in  that  quarter.  No  land  in  sight. 
Weather  rather  hazy.  Smooth  water,  with  the  wind  from  S.W.  to  west. 
Latitude  by  observation  at  noon,  58°  52'  S. ;  longitude  by  means  of 
chronometers,  25°  45'  30"  W. ;  thermometer,  air  30°,  water  32°.  Passed 
many  large  icebergs  and  drift-ice. 

Dee.  24. — At  1  p.m.  observed  ourselves  close  down  upon  field-ice,  and 
much  drift-ice  about  us.  Weather  hazy.  The  wind  W.S.W. ;  taoked 
tmtU  it  should  clear  away.  At  3  made  sail  to  the  S.E.,  and  continued 
running  about  a  quarter  of  a  mile  from  the  edge  of  a  solid  field  of  ice 
until  4  p.m.,  steering  various  courses  to  pass  through  to  the  southward, 
but  invariably  found  ourselves  in  a  bay.  The  water  perfectly  smooth, 
with  the  wind  westerly.  At  5  p.m.  found  an  opening,  and  at  6  passed 
through  to  the  southward  into  a  clear  sea.  Saw  many  penguins  sitting 
on  the  small  pieces  of  ice,  which  were  several  times  mistaken  at  a 
distance  for  seal.  Some  blue  petrel  about  us,  but  no  large  birds.  8  p.m. 
MTeral  icebergs  in  sight. 

Dee.  25. — At  1  a.m.  again  made  field-ice  ahead,  but  after  making  a 
board  to  the  N.W.,  passed  through  to  the  southward,  when  in  a  very 
short  time  I  found  we  had  got  into  a  small  sea  of  seven  or  eight  miles 
diameter,  interspersed  with  small  icebergs  and  drift-ice,  the  field- ice 
making  a  complete  coast  as  far  as  the  eye  could  reach.  After  making 
various  courses,  and  tacking  to  pass  to  the  southward  and  westward  in 
hopes  to  get  through  betwixt  the  ice  and  the  land  (as  I  imagined  there 
must  be  a  little  further  to  the  westward),  finding  it  impossible,  I  got 
the  vessels  through  to  the  northward,  when  wo  had  clear  sea  until 
b  p.m.,  with  the  exception  of  icebergs  and  some  drift  pieces,  when  we 
again  made  compact  field* ice  ahead,  which  I  took  to  be  the  same  we 
had  been  running  along  on  the  2::Jrd,  it  being  evident  there  wore 
two  distinct  patches  of  field-ice,  and  upon  the  most  moderate  calcula- 
tion we  had  run  through  and  along  one  hundred  miles  of  it,  being 
ooQvinced  now  that  there  was  considerable  land  to  the  S.W.,  and 
determined^  if  possible,  to  make  it  before  going  to  the  eastward.  I 
oontinued  plying  to  the  westward,  and  not  meeting  with  any  field-ice 
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all  night,  was  in  hopes  we  had  got  to  the  westward  of  it.  The  thermo* 
meter,  while  among  ice,  32°  air,  32°  water;  but  after  standing  some 
miles  to  the  northward  it  rose  to  34°. 

Dec.  26. — A.M^  hazy  weather.  Wind,  W.N.W.  Found  ourselTes,  on 
the  weather  clearing  up  a  little,  completely  encircled  with  ice,  and  had 
not  the  water  continued  smooth  our  situation  woald  have  been  ex- 
tremely dangerous,  as,  independent  of  the  small  seas  of  field-ice,  the 
whole  space  was  completely  covered  with  drift  pieces,  some  swimming 
very  deep  in  the  water,  which  a  vessel  striking  upon  would  most  likely 
knock  a  hole  in  her  bottom,  so  that  from  this  until  the  29th  in  the 
forenoon  we  were  utterly  prevented  from  steering  on  any  one  course 
for  more  than  a  few  minutes  at  a  time,  and  every  opening  which 
appeared  in  the  ice  turned  out  to  be  nothing  more  than  a  bay,  which 
generally  obliged  us  to  haul  or  beat  about  again  within  two  or  three 
points  of  the  compass  from  which  we  entered,  and  never  at  any  time 
had  we  less  than  fifty  to  a  hundred  ice-islands  round  us.  Where  these 
could  all  come  from  I  am  at  a  loss  entirely  to  conceive.  Whilst  among 
the  ice  the  thermometer  generally  remained  at  32°,  the  wind  generally 
from  the  westward. 

Dec.  29. — On  the  morning  of  the  29th  it  hauled  more  to  the  south- 
ward. At  11  a.m.  I  had  the  pleasure  to  find  myself  clear  of  the  field- ice, 
with  nothing  more  than  the  drift  pieces  and  plenty  of  icebergs,  which 
were  thought  little  of,  as  the  danger  seldom  appeared  to  run  more  than 
two  ships*  length  from  them.  At  noon  our  latitude  by  observation  was 
59°  11',  longitude  by  chronometer,  24°  22*  W.,  and  the  wind  now  blow- 
ing a  fresh  gale  from  the  S.W.,  I  determined  to  spend  another  day  or 
two  in  endeavouring  to  get  to  Sandwich  Land  by  the  northward  and 
westward,  and  hauled  upon  the  wind  on  the  larboard  tack,  and  at  6  a.m. 
of  the  30th,  saw.  land  in  the  S.W.  At  noon,  two  islands  of  the  Sandwich 
Land  bore  north  and  south  nearly.  The  northernmost  one  I  had  formerly 
visited.  The  latitude  at  noon  was  68°  41'  S.,  longitude  by  means  of  all 
chronometers  36°  57'  45"  W.,  which  places  the  centres  in  27°  00'.  Lati- 
tude of  the  northernmost  58°  31'  S. — the  northernmost  part  of  the 
southern  one  59°  00'  S.  Sent  the  cutter  to  the  northward  to  overhaul  a 
point  of  land  which  appeared  to  run  out  low  into  the  sea,  and  stood  to  the 
houth  ward  with  the  Tula.  At  4  p.m.  sent  the  second  mate  with  the  boat  on 
shore.  Observed  the  cutter  closing  from  the  northward,  sent  her  boat  to 
some  rocks,  which  appeared  likely  to  produce  something.  At  9  the  boats 
returned  without  finding  any  vestige  of  seal  or  elephant,  and  observing 
field-ice  to  stretch  from  the  rocks  to  the  land,  the  wind  easterly,  and 
weather  thick,  I  thought  it  best  to  stand  to  the  eastward  in  prosecution 
of  our  voyage. 

ISai.  Jan.  1.—  Strong  winds  from  the  S.E.  with  thick  weather,  much 
snow  and  sleet.  Employed  all  these  24  hours  and  the  2nd  getting  to  the 
eastward. 
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Jan,  4. — Light  aire  from  the  westward.  Many  penguins  about  the  vessel, 
and  hump  and  fin-backed  whales.  No  birds,  with  the  exception  of  the 
spotted  eaglet.  Continual  showers  of  snow.  Latitude  at  noon  68°  18'  S., 
longitude  23'  14',  30"  W.  Variation  per  amplitude  1°  30'  E.,  which  is 
the  first  amplitude  I  have  been  able  to  obtain  for  a  great  length  of  time, 
and  as  the  observation  in  general  could  not  be  depended  upon,  I  have 
been  unable  to  form  any  correct  idea  with  respect  to  the  currents,  although 
I  am  firmly  of  opinion  that  there  is  a  current  to  the  N.E.,  particularly  as 
I  observed  one  ice-island  of  large  dimensions  alter  its  position  with 
one  of  the  islands  of  Sandwich  Land  at  least  10  miles  within  24  hours, 
in  the  direction  with  the  wind  at  W.N.W.,  which  should  have  set  it  to 
the  E.S.E.,  and  although  the  vessel  did  not  experience  any  current  on  the 
sorfaoe  it  must  have  been  v^ry  strong  underneath.  On  the  morning  of 
the  5th  we  again  made  field- ice.  The  water  smooth  and  the  wind  being 
from  the  eastward,  were  obliged  to  tack ;  we  again  stood  in,  working 
along  the  edge  of  it,  and  found  it  quite  firm.  Latitude  at  noon,  59°  8'  S., 
longitude  by  means  of  chronometers  21°  30'  W.  p.m.,  the  wind  hauled 
more  to  the  northward,  *,which  enabled  us  to  steer  along  the  edge,  en- 
deavouring to  pass  to  the  southward,  and  were  always  obliged  to  haul 
out  again,  every  extremity  being  nothing  more  than  the  point  of  a  bay. 
I  observe  by  Captain  Cook's  track  to  the  eastward,  that  he  passed  along 
in  about  58°  45'  S.,  and  I  think  it  very  probable  he  was  prevented  from 
getting  to  the  southward  by  this  ice. 

Jan.  6. — Light  variable  weather,  but  the  wind  generally  from  the 
flOQthward.  Firm  field-ice  to  the  southward,  and  considerable  loose 
floating  pieces  about  us.  Passed  many  very  large  ice-islands,  some  of 
most  extraordinary  shape. 

Jan.  7. — On  the  7th  the  wind  freshened  from  the  S.S.W.,  and  brought 
dear  weather.  At  8  am.  passed  to  the  southward  of  a  large  patch  of 
field-ice,  which  appeared  to  be  connected  together  by  several  large 
ioebergs.  No  field-ice  in  sight  to  the  southward.  No  birds  or  penguins 
in  sight.  Latitude  at  noon,  59°  35'  S.,  longitude,  chronometers,  19°  52' 
W.  Thermometer,  32°  air,  water  32°.  I  was  now  in  great  hopes  I  had 
got  to  the  southward  of  the  main  body  of  the  ice,  but  this  delusion  soon 
vanished ;  for  at  10.30  p.m.  we  again  made  field-ice  ahead,  being  then 
on  a  wind,  and  heading  8.  by  E.  ^  E.,  and  had  now  ran  upwards  of 
40  miles  S.S.E.  since  noon,  and  had  seen  nothing  but  icebergs.  I 
immediately  hove  about,  and  after  making  two  or  three  tacks  the  ice 
became  very  close,  leaving  us  scarcely  working  room,  but  as  the  night 
was  dear  and  the  water  smooth,  I  was  still  in  hopes  of  working  through 
this  packed  ice  to  the  southward  into  clear  water :  but  at  2  a.m.  of  the 
8th  all  my  hopes  were  destroyed,  for  suddenly  I  found  myself  at  the 
head  of  a  bay  of  firm  ice,  with  a  view  of  it  from  the  mast-head  of  at 
least  20  miles  to  the  southward  of  east  and  west  in  every  direction,  so 
much  80y  that  any  person  might  have  walked  upon  it  without  difficulty. 
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The  weather  beiog  now  so  Terj''  clear,  I  am  oonvinced  land  might  hare 
been  seen  at  80  or  90  miles  distance,  although  daring  the  eTening 
several  appearances  of  land  had  been  observed.  What  astcmished  me 
most  was  that  there  were  no  living  animals  of  any  kind  abent  this  iee 
with  the  exception  of  one  or  two  small  petrels — no  penguins,  which  at 
other  times  had  been  always  very  numerous,  which  almost  convinced  me 
tliat  this  ice  must  be  formed  at  sea  from  the  very  heavy  falls  of  snow 
which  here  are  almost  continual.  The  temperature  of  the  water  at  this 
time  being  below  freezing  2^,  and  the  whole  of  the  ice  above  water 
having  the  appearance  of  snow,  makes  it,  I  think,  probable.  Tempera- 
ture, air  31°.  The  head  of  the  bay  was  so  small,  that  in  veering  to 
return  we  ran  round  nearly  the  whole  of  it,  but  could  observe  no 
opening  whatever.  I  now  found  almost  as  much  difficulty  in  returning 
as  befoi*e  in  entering,  for  although  the  wind  was  fair,  still  the  whole 
space  appeared  one  complete  mass  of  unbroken  ice;  but  at  5  a.m. 
succeeded  in  getting  into  tolerably  clear  water,  and  steered  a  course  to 
pass  to  the  eastward  of  the  patch  we  had  left  yesterday  at  noon.  At  8, 
hauled  up  east,  but  again  made  compact  ice,  and  after  steering  various 
courses  along  it,  found  that  at  noon  we  had  made  a  N.E.  course  of  about 
12  miles  from  yesterday ;  our  latitude  at  noon  being  69°  27'  S.,  we 
continued  working  along  the  edge  of  the  ice  until  1  a.m.  of  the  9th.  At 
noon  our  latitude  was  58°  31'  S.,  and  longitude,  by  means  of  all  chrono- 
meters, 17°  06'  00"  W.  During  the  morning  of  the  10th  we  again  had 
to  make  various  courses  to  clear  the  ice,  and  at  noon  had  made  from 
yesterday  a  northerly  course  of  68°.  It  came  on  to  blow  strong  from 
the  southward,  and  at  4  p.m.  blew  a  heavy  gale,  which  lasted  until  8  a.m. 
of  the  11th.  During  the  gale  I  steered  an  easterly  course,  but  was 
much  surprised  to  find  a  very  heaVy  sea  running,  although  we  could  not 
be  more  than  36  miles  to  the  northward  of  the  ice.  Passed  three  ice- 
islands  in  the  night.  At  noon,  hauled  up  S.E.,  the  weather  being  more 
moderate,  and  wind  about  W.S.W.,  but  at  about  noon  of  the  12th  found 
we  had  made  little  better  than  an  E.S.E.  course,  which  at  the  time 
1  attributed  to  a  strong  northerly  current,  but  since  find  it  must  be 
owing  to  the  sudden  increase  of  westerly  variation. 

Jan,  13. — On  the  13th  and  14th  the  wind  was  very  light  and  vari- 
able, but  generally  more  from  the  southward  than  any  other  point,  with 
intervals  of  calm,  and  so  very  thick  that  on  the  night  of  the  13th  we 
could  not  see  the  cutter  twice  our  length,  although  hailing  and  speaking 
to  her  at  different  times,  and  at  last  made  a  line  fast  to  her  to  prevent 
our  separation.  At  noon  on  14th,  on  clearing  up,  found  ourselves  close 
to  some  heavy  patches  of  ice  with  32  icebergs  about  us.  Latitude 
68°  67'  S.,  longitude,  chronometers,  9°  47'  20"  W. 

Jan,  16. — A.M.  Passed  through  a  slack  place  on  the  ice  and  stood 
to  the  southward,  endeavouring  to  pass  through,  but  after  running  some 
miles  into  it  found  it  nothing  but  a  bay,  and  were  obliged  to  haul 
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ont  again  to  the  northward.  At  noon,  latitude  59°  18'  S.,  longitude 
7°  50^  W.  During  all  thie  night  and  the  16th  the  ^ wind,  with  the 
exception  of  intervals  of  calm,  was  from  the  S.W.  with  very  fine 
weather. 

Jan,  16. — We  were  employed  coasting  along  the  ice,  and  at  noon 
had  made  an  E.  course  50  miles,  with  58  icebergs  in  sight.  Thermo- 
meter in  the  air  45*^,  water  34°,  but  in  the  sun  it  immediately  rose  to 
77° ;  in  fact  it  appeared  more  like  a  summer  in  England  than  what  I 
had  expected  in  these  latitudes,  and  since  the  first  day  of  making 
Sandwich  Land  we  had  had  but  two  strong  winds,  both  of  which  were 
from  the  S.W.  The  weather  has  been  repeatedly  thick,  but  in  other 
respects  remarkably  fine,  and  the  winds  light.  On  coming  into  these 
latitudes  I  had  sent  down  the  foretopgallant-jard  and  mast,  studding- 
sail  booms,  &c.,  but  have  since  found  it  absolutely  necessary  to  send 
them  up  again. 

Jan  17. — At  noon  we  had  made  a  southerly  course  of  60°,  being  now 
in  latitude  60°  12',  longitude,  chronometers,  7°  00'  00"  W.  No  field-ice 
in  sight,  and  very  few  icebergs,  variation  by  amplitude  11°  30'  W., 
thermometer,  air  44°,  water  36%  in  the  sun  60°.  The  wind  light  from 
S.W.,  and  continued  so  from  the  southward  and  S.W.  until  the  forenoon 
of  the  18th,  when  it  became  fresh  and  steady  from  S.W.,  but  brought 
but  little  sea  up.  The  difference  between  the  latitude  by  account  and 
obBervation  was  11  miles,  which  I  think  must  arise  from  the  great 
increase  of  variation  west,  judging  from  the  last  amplitudes.  We  have 
nearly  a  clear  sea,  only  six  or  seven  icebergs  in  sight  from  the  mast- 
head, and  in  all  probability  have  got  to  the  southward  of  the  main 
body  of  the  ice.  Our  latitude  at  noon,  61°  2',  longitude  4°  36'  W.; 
thermometer,  air  35°,  water  33°.  Some  showers  of  snow.  Only  a  few 
imall  petrels  in  sight. 

Jan.  19. — Steady  and  fresh  breezes  from  the  W.8.W.,  but  during  the 
night  hauled  round  to  the  northward,  and  from  that  to  E.N.E.  and  oast, 
and  blew  fresh  all  the  20th.  At  noon  our  latitude  was  64°  34'  S., 
longitude  by  chronometers  00°  15'  15"  W.,  variation,  computed  from 
the  courses  15°  W.,  a  northerly  set  of  26'  during  the  last  three  days. 
We  are  continually  passing  ice-islands,  some  very  large,  with  drift 
pieces  of  ice,  but  have  never  more  than  ten  or  fifteen  in  sight  at  one 
titue.  I  should  think  we  pass  150  every  24  hours.  Scarcely  any  birds 
to  be  seen.  Yesterday  we  saw  2  nellies  and  one  albatross,  being  the 
firrt  since  leaving  the  latitude  of  South  Greorgia.  The  mornings  and 
evenings  are  in  general  very  cloudy.  No  amplitudes,  nor  have  I  been 
able  to  get  a  lunar  for  a  great  length  of  time.  During  the  latter  part 
of  the  night  the  wind  came  round  to  the  S.E.  At  8  a.m.  we  had  only 
1  ice-island  in  sight. 

Jan.  21. — A.M.  One  ice-island  in  sight.  Saw  a  nelly  and  two  or  three 
spotted  eaglets  with  some  blue  petrel.    Noon,  latitude  66°  16',  longitude 
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Oi)*'  24'  30"  W.,  thermometer,  38°  air,  36°  water.  No  ice  of  any  descrip- 
tion in  Bight.  The  wind  moderate  from  the  S.E.,  with  occasional  snow 
squalls,  and  many  appearances  of  land  at  different  times,  which  hitherto 
have  turned  out  to  be  fogbauks.  p.m.,  saw  the  appearance  of  land. 
Tacked  to  the  southward  and  wcbtward.  Wind  variable,  but  inclining 
to  the  southward.  Sunset,  nothing  in  sight,  tacked  to  the  eastward ; 
saw  this  day  a  now  description  of  bird  of  the  eaglet  kind,  about  the  size 
of  a  Cape  pigeon,  or  rather  larger,  with  brown  back,  wings  and  head, 
the  other  parts  of  the  body  white. 

Jan.  22. — Variable,  with  smooth  water.  Latitude  by  account,  66* 
48',  longitude,  1°  02'  30"  E. ;  variation  per  amplitude,  22°  30'  W.  Passed 
one  iceberg  during  the  night.  Temperature,  air  33^°,  water  36°, 
midnight  34^°. 

Jan.  23. — a.m.  Cloudy  weather  overhead,  but  much  lighter  nearer  the 
horizon.  The  wind  generally  from  S.S.W.,  but  suddenly  dying  away 
and  springing  up  as  the  land  or  some  other  object  obstructed  it.  The 
water  smooth  and  at  times  discoloured ;  some  brown  eaglets  and  Cape 
pigeons  about  the  vessels.  At  noon  our  latitude  by  observation,  67°  42' 
S.,  longitude  by  chronometer,  3°  31'  86"  E.  Temperature,  air  31°, 
midnight  31° ;  water  35°.  Wind  more  steady  at  S.W.,  with  clear 
weather  and  a  clear  sea.  p.m.,  passed  several  icebergs,  and  towards 
night  the  wind  increased  to  a  strong  gale  at  S.W.  by  S.,  and  continued 
until  8  a.m.  of  the  24th,  when  it  moderated.  Several  islands  of  ice  in 
sight.  Temperature,  air  33°,  midnight  32°;  water  34J°.  p.m.,  passed 
through  some  straggling  ice.  At  4,  saw  field-ice  running  to  the  south- 
ward and  westward  to  a  great  distance.  At  6,  passed  the  apparent 
point  of  the  ice,  our  head  being  E.S.E.,  with  the  wind  S.,  with  snow 
squalls  and  hazy  weather. 

Jan,  25. — a.m.  The  wind  hauled  more  to  the  eastward,  with  thick 
weather.  Tacked  to  the  southward.  At  noon,  latitude  by  observation, 
67°  57'  8.,  longitude,  chronometer,  8°  28'  45",  variation  21°  30'  W.  p.m., 
wind  E.S.E.  Made  much  straggling  ice  ahead,  and  passed  through  a 
great  many  patches,  but  the  weather  becoming  more  thick,  with 
frequent  snow  squalls,  and  the  ice  more  compact.  Tacked  to  the  north- 
ward until  7.30,  when,  having  pretty  clear  water,  stood  again  to  the 
southward,  with  the  wind  at  E.  and  E.  by  N.  Hazy  weather  with  snow 
at  9,  many  patches  of  ice  ahead.  All  this  night,  and  the  forenoon  of  the 
26th,  we  were  employed  working  along  the  edge  of  broken  fields  of  ice. 
Passed  much  loose  ice  and  many  icebergs.  At  noon  it  blew  a  brisk  gale 
from  the  eastward  and  S.E.,  with  a  heavy  sea  and  thick  weather.  Stood 
S.S  E.  until  6  p.m.,  when  the  weather  still  continuing  thick,  and  having 
entered  again  into  the  loose  ice  with  many  icebergs  about  us,  some  of 
which  we  could  not  see  until  within  a  cable's  length,  tacked  to  the 
northward.  At  noon,  the  27th,  the  weather  became  more  clear.  The 
wind  E.S.E.  to  S.E.,  with  an  ugly  sea,  and  as  there  has  never  been  much 
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•ea  when  in  or  near  the  ice  hefore,  I  am  inclined  to  think  there  is  not 
much  to  the  S.E.     AccordiDgly  we  stood  to  the  southward,  our  latitude 
68^  01'  S..  longitude,  10^  7'  E. ;  temperature,  air  31°,  water  34°.     Much 
snow  the  last  two  days.     Saw  some  penguins  seated  on  the  icebergs,  but 
very  few  birds,  one  nelly  this  morning. 

Jan,  28. — On  the  28th,  a.m.,  again  made  field-ice;  much  broken. 
Passed  through  a  great  quantity  of  loose  ice,  tacking  every  two  or  three 
hoars,  endeavouring  to  get  to  the  southward.  The  wind  continuing  from 
KS.E.  to  S  E.  with  sudden  squalls  of  snow  and  thick  weather.  The  sea 
smoother  than  yesterday.  At  6  p.m.,  while  standing  to  the  southward, 
we  suddenly,  on  the  weather  clearing  up,  found  ourselves  completely 
beset  with  large  pieces  of  drift-ice.  The  helm  was  immediately  put 
down,  and  by  the  careful  management  of  the  sails  we  were  enabled  to 
pass  through  two  large  pieces  of  about  the  size  of  our  hull,  which  showed 
themselves  under  the  bows,  just  as  the  head-yards  were  hauled,  the 
vacancy  between  just  sufficient  to  admit  the  vessel  through,  the  cutter 
being  a  short  distance  astern  avoided  the  danger.  The  whole  of  this  day 
and  the  29th  we  have  been  employed  working  along  these  broken  fields 
of  ice,  and  consequently  have  made  but  little  progress.  Temperature, 
air,  at  noon,  30°,  water  30°.  Latitude  by  account  from  L.O.  69°  03', 
longitude,  L.O.  10°  43'  E.  Many  snow  birds  and  brown  eaglets  in  sight. 
The  second  mate  saw  an  albatross  yesterday. 

Jan.  30. — On  the  30th  the  wind  continued  from  the  E.S.E.,  with 
little  variation.  Passed  through  a  considerable  quantity  of  broken  ice, 
and  both  vessels  took  some  on  board  for  present  use,  and,  contrary  to  my 
expectation,  I  found  much  of  it  salt.  At  midnight  the  weather  became 
■0  thick  that,  although  I  could  speak  the  cutter  I  could  not  see  her,  and 
as  we  were  now  completely  surrounded  by  broken  ioe  and  obliged  to  use 
the  sweeps,  I  made  a  line  fast  to  her  to  prevent  our  separation,  the 
weather  quite  calm  and  sea  smooth.  I  observed  the  surface  of  the  water 
in  a  freezing  state,  having  a  film  over  it  connecting  one  piece  of  ice  to 
another,  but  their  motion  seemed  to  prevent  its  getting  into  a  firm  state ; 
but  I  have  no  doubt,  had  it  been  the  winter  season,  and  the  same  length 
of  calm,  the  sea  would  have  been  frozen.  I  am  almost  of  opinion  the 
greater  part  of  this  ice  is  formed  at  sea,  and  that  field-ice  is  no  certain 
indication  of  the  proximity  of  land.  I  found  the  temperature  of  the  air 
26°,  in  the  shade  27^°,  water  29°.  I  think  ice  formed  in  this  way  may 
be  rendered  fresh  by  the  continual  falls  of  snow,  which  may  freeze  as 
it  faUs  and  repel  the  influence  of  the  salt  water,  except  on  its  outer 
surfaces. 

Jan,  31. — Towards  noon  the  weather,  though  still  very  hazy,  became 
len  foggy,  and  a  light  breeze  sprung  up  from  the  eastward  and  con- 
tinued light  from  the  E.S.E. 

Feb.  1. — A.M.  Mr.  Avery  reported  having  seen  a  seal  near  the  cutter, 
and  as  we  had  now  many  snow-birds  about  the  vessels  with  brown 


816  THE  ANTARCTIC   MANUAL. 

eaglets,  and  now  and  then  a  nelly,  together  with  my  having  observed 
at  different  times  birds  flying  to  the  S.W.,  which,  although  at  a  great 
distance  appearing  to  be  belonging  to  land,  the  water  too  of  a  light 
colour,  I  was  in  hopes  of  being  near  some  considerable  quantity  of  it, 
and  on  the  weather  becoming  clear  to  the  southward,  saw  much  the 
appearance  of  land  in  that  direction,  and  on  going  to  the  mast-head  with 
a  glass,  I  was  confirmed  in  ray  opinion ;  but  after  standing  some  few 
miles  south,  the  wind  being  E.S.E.,  the  land  vanished  in  a  cloud,  and  in 
a  short  time  after  we  were  stopped  by  field-ice.  Yesterday  and  to-day 
we  have  passed  some  of  the  largest  icebergs  I  have  yet  seen,  not  being 
less  than  three  miles  in  circumference,  with  the  top  surface  smooth  as  a 
sheet  of  glass,  while  others  are  completely  ragged ;  but  I  think  that 
formerly  they  have  formed  one  immense  field.  Saw  an  appearance  of  a 
high  mountain,  N.E.,  stood  in  that  direction,  wind  E.S.E.,  but,  as  yester- 
day, it  turned  out  a  oloud. 

Feb.  3. — The  wind  has  been  light  so  many  days  from  the  eastward 
that  we  have  been  able  to  make  little  or  no  progress.  As  to  the  south- 
ward, it  is  completely  blocked  up  with  fields  of  broken  ice.  Towards 
noon  on  the  3rd  the  wind  gradually  came  round  to  the  westward,  our 
latitude  68°  30',  longitude  14°  42'  16",  lunar  15°  20'  30",  variation,  by 
means  of  several  sets  of  amplitudes  and  azimuths,  23°  12'  W.,  temperature, 
air  at  noon  33°,  sun  60°,  midnight  30°,  water  34°.  p.m.  The  breeze 
freshening  from  the  westward,  we  steered  S.  by  E.,  6  knots  an  hour,  until 
11  p.m.,  when  we  entered  much  broken  ice,  and  at  midnight  could  dis- 
tinctly see  it  running  out  as  far  as  N.E.  by  E. ;  wore  round  to  clear  it.  It 
now  blowing  a  fresh  gale,  and  the  sea  getting  up  very  suddenly,  we  had 
much  difficulty  in  getting  clear  to  the  northward,  having  struck  against 
several  pieces,  though  without  any  other  damage  than  carrying  away  the 
martingale. 

Feb,  4. — At  10  a.m.,  being  clear  of  the  ice,  an<1  the  sea  too  high  to 
venture  again  to  the  southward  at  present,  we  steered  E.S.E.,  cutter  in 
company,  until  3  a.m.  of  the  5th,  when  we  hauled  up  S.S.E.  and  S.by  E., 
it  being  moderate  and  clear,  but  at  noon  again  made  the  field-ice,  hauled 
out,  steering  various  courses.  Passed  either  a  large  seal  or  an  elephant, 
but  it  was  too  far  off,  and  did  not  stay  a  sufficient  time  above  the  water 
to  distinguish  it  properly.  Many  snow  birrls  and  brown  eaglets  about 
us,  with  some  fin  and  hump-backed  whale.  Everyone  expecting  to 
see  land,  we  saw  or  thought  we  saw  many  appearances  of  it.  p.m.  By 
several  sets  of  azimuths  and  amplitudes,  the  variation  was  29°  10'  W. 
The  wind  gradually  died  away,  and  at  midnight  was  quite  calm,  and  the 
water  in  a  freezing  state  all  round  the  vessel.  I  took  up  a  considerable 
quantity  of  ice  from  the  surface,  about  one-quarter  of  an  inch  thick, 
and  melted  it  into  two  bottles.  The  temperature  of  the  air  at  this 
time  was  24°,  surface  of  the  water  30j^°,  at  a  depth  of  250  fathoms  33° ; 
as  we  had  made  little  way  since  noon,  our  latitude  was  about  68^  50'  &, 


THE  JOURNAL   OF  JOHN   BISCJOE.  317 

longitude  23^  00"  E.  The  field-ice  about  oue  mile  to  the  southward. 
We  saw  several  birds,  which  the  sailors  call  king  birds,  the  last  two  or 
three  days,  and  which  I  think  are  of  the  same  kind  which  I  mistook 
for  land  birds  a  short  time  ago  ;  but  I  understand  they  don't  go  a  long 
way  from  the  land. 

FA,  6. — The  wind  continuing  light  from  the  westward,  the  ice  still 
continued  to  thicken,  the  motion  of  the  water  merely  preventing  it  from 
forming  in  one  mass,  it  forming  itself  into  round  patches  of  considerable 
diameter,  and  as  I  now  saw  some  strange  birds,  which  had  some  appear- 
SDoe  of  snipe,  sitting  on  it,  I  shot  three  of  them  from  the  vessel,  and  on 
sending  the  boat  for  them,  the  ice  was  found  so  thick,  the  people  could 
scarcely  pull  her  through  it.  We  likewise  passed  through  several 
patches  with  the  vessels,  which  absolutely  stopped  their  way.  1  took 
some  pieces  into  the  boat  which  were  nearly  an  inch  thick,  and  I  am 
convinced  were  the  produce  of  the  last  24  hours,  and  had  we  been 
becalmed  one  week,  I  am  certain  both  vessels  would  have  been  frozen 
in  fast.  On  filtering  the  ice  taken  up  in  the  boat,  in  a  temperature  of 
about  45^,  the  salt  part  ran  off  and  left  a  small  quantity  of  perfectly  fresh 
water,  which  perhaps  may  account  for  fresh  water  being  got  from  ice 
formed  at  sea.  At  midnight  We  were  obliged  to  haul  out  N.  by  W.  \  W., 
we  having  stood  to  the  southward  during  the  day  into  a  large  bay  of 
field-ice.  After  clearing  it  to  the  northward  we  again  haul.d  up  S.E., 
but  were  obliged  again  to  haul  out.  During  this  day  we  steered  an 
easterly  course  with  little  variation  along  the  edge  of  the  ice.  Saw  a 
Port  Egmont  hen  flying  about  the  ice,  and  which  passed  close  over  the 
vessel.  The  water  much  discoloured  (but  no  soundings  at  250  fathoms), 
and  many  other  indications  of  land.  Many  hump  and  fin-backed 
whales  in  sight.  I  now  found  the  ice  tending  considerably  to  the 
northward,  but  found  it  impossible  to  pass  through  to  the  southward. 
On  the  8th,  at  noon,  our  latitude  was  67^  12'  S.,  and  longitude  by 
chronometer  2V  00"  E.,  lunars  27°  37'  30",  by  dead  reckoning  28°  44'  E., 
temperature  of  the  air  33°,  in  the  sun  84°,  water  33°.  The  wind 
westerly,  with  fine,  clear  weather,  the  ice  generally  from  one  to  five 
milee  to  the  southward.     Saw  an  albatross  this  afternoon. 

Fth.  9. — A.M.  Saw  a  seal ;  the  weather  continuing  fine  with  intervals 
of  calm.  At  noon  a  breeze  sprung  up  from  N.E.,  but  towards  evening 
hauled  more  to  the  eastward,  and  during  the  whole  of  the  10th  and 
11th  was  strong  from  E.S.E.,  with  thick  weather,  standing  off  and  on 
the  ice,  but  with  little  progress,  and  I  am  sorry  to  find  the  daylight 
begin  to  shorten  very  fast,  and  fear  it  will  be  impossible  to  get  any 
jforther  to  the  southward  this  season,  as  the  ice  for  some  days  has  taken 
a  northerly  direction,  running  into  deep  bays  and  out  into  points  to 
the  northward.  Passed  some  large  icebergs.  Saw  a  few  of  the  nelly 
qiecies,  brown  eaglets  and  snow  birds,  p.m.  11,  made  field-ice.  Stood  to 
tlieN.K 


318  THE   ANTARCTIC  MANUAL. 

Feb,  12. — A.M.  1.30,  stood  to  the  southward.  At  4,  field-ico.  Stood 
from  W.  to  N.E.  by  E.  At  6,  passed  through  a  considerable  quantity 
of  field-ice.  At  noon,  fre.Nh  breezes  from  E.S.E.  Weather  rather  clearer. 
Latitude  at  noon  66°  57',  by  dead  reckonincr  66°  46'  S.,  longitude  by 
chronometers  31°  38'  15"  E.,  dead  reckoning  33°  22'  E.,  making  a  current 
to  the  south-west,  28  miles  in  2  days.  Temperature  of  the  air  at  mid- 
night 32°,  noon  32°,  water  33^°. 

Feb.  13. — Wind  moderate  from  S.W.  Hazy  weather.  Many  nellies 
and  blue  petrel  about  us. 

Feb.  14. — Light  variable  weather.  At  4  p.m.  sent  the  boats  for  some 
ice  for  present  use.  Passed  through  much  straggling  ice.  At  8  passed 
through  what  seemed  to  be  the  most  eastern  point  of  ice.  The  weather 
being  clear  for  a  considerable  distance,  I  was  in  hopes  of  making  good 
progress  to  the  southward,  as  a  smart  breeze  sprang  up  from  the  east- 
ward. I  saw  a  large  seal  in  among  the  ice.  a.m.,  at  4.30,  after  standing 
about  thirty  miles  S.S.E.,  made  compact  ice  ahead,  running  away  to  the 
westward  into  a  deep  bay.  Stood  to  the  northward,  the  ice  tending  for 
a  good  distance  on  our  weather  beam  to  the  N.E.;  towards  noon  freshened 
to  a  brisk  gale  from  E.S.E.,  and  became  very  hazy  with  continual  showers 
of  snow.  At  1  p.m.  the  cutter  bore  S.W.  by  W.  about  three-quarters  of 
a  mile,  but,  the  weather  becoming  more  thick,  could  scarcely  discern. 
Took  in  all  sail  except  the  close-reefed  mainsail  and  foretopmast  staysail ; 
at  3  it  blew  as  heavy  a  gale  as  I  almost  ever  witnessed  from  the  S.E., 
with  a  high  and  running  sea.  The  cutter  not  in  sight.  The  weather 
was  now  so  thick  we  could  scarcely  see  a  cablets  length,  passed  several 
pieces  of  drift-ice,  which  with  some  difficulty  we  cleared,  either  of  which 
with  the  sea  then  running  would  be  sufficient  to  send  us  to  the  bottom  ; 
and  being  amongst  a  considerable  number  of  ice-islands  our  situation 
was  perilous,  and  we  passed  a  very  anxious  night.  It  being  now  dark, 
between  10  and  2  o'clock,  the  wind,  with  the  decks  being  wet  with 
salt  water  and  freezing  on  everything  it  touched,  made  it  extremely 
cold  and  uncomfortable,  and  had  not  Captain  Christie  supplied  these 
poor  fellows  with  boots  at  Gravesend,  I  am  certain  they  would  half  of 
them  have  been  laid  up.  Towards  midnight  the  wind  moderated  but 
left  a  heavy  irregular  sea,  which  caused  us  to  knock  about  and  strain  a 
good  deal.    Tacked  to  the  southward  to  look  for  the  cutter. 

Feb.  16. — On  the  16th  wore  round  occasionally  to  keep  our  position, 
but  could  see  nothing  of  her.  The  wind  more  moderate  than  yesterday, 
but  sea  still  high.  At  8  p.m.  wore  to  the  northward.  Wind,  S.W.  by  E. 
Ditto  wind,  but  still  very  hazy.  Latitude  by  dead  reckoning,  at  noon, 
66°  44'  S.,  longitude,  dead  reckoning,  38°  05'  E. ;  from  L.O.  36°  57'  £. 
Temperature  of  air,  at  30°;  at  noon,  31  i°  At  1  p.m.  tacked  to  the 
southward.  •  Clear  weather  and  light  winds  E.S.E. 

Feb.  18. — At  5  a.m.  of  the  18th,  entered  a  large  cluster  of  ice-islands, 
and  at  5.30  made  compact  field-ice.     Stood  to  the  N.E.  along  the  edge 
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of  it.  At  8,  saw  the  cutter  at  a  great  distance  in  the  N.W.,  the  weather 
being  very  clear;  bore  np  to  close  her.  Noon,  hauled  to  the  wind. 
Latitude  by  observation  67°  50',  by  dead  reckoning  67°  29' ;  longitude 
by  observation  36°  38'  45"  E.,  by  dead  reckoning  38°  38'  K,  making  a 
current  8.W.,  28  miles  in  4  days,  although  I  think  the  error  is  more 
likely  to  arise  from  the  reckoning  during  the  lust  gale.  At  2  p.m. 
stood  to  the  southward,  the  cutter  N.W.  abtjut  three  miles.  The  officer 
of  the  watch  this  morning  saw  some  hair  seal  a  short  distance  from  the 
▼eesel,  but  as  they  stayed  only  a  short  time  above  water  I  did  not  see 
them. 

Feb.  19 — The  whole  of  these  24  hours  the  wind  was  very  light  and 
variable,  but  generally  from  S.S.E. 

Feb.  20. — On  the  20th,  the  weather  the  same,  with  an  easterly  swell. 
Crossed  Captain  Cook's  track  in  1773,  so  that  the  ice  which  he  saw  re- 
mains in  the  same  position  as  in  that  year.  Our  latitude  at  noon  67°  12', 
longitude  38°  45'  E.,  we  having  made  a  N.  59°  E.  course,  56  miles  since 
yesterday,  at  which  time  we  saw  the  ice,  and  have  not  crossed  his  track 
more  than  30  miles  to  the  northward;  1  should  like  to  have  passed 
exactly  the  same  spot,  but  the  wind  being  very  light  from  S.S.E.,  could 
not  without  much  loss  of  time,  and  which  is  now,  from  a  succession  of 
light  and  contrary  winds,  become  very  precious.  I  left  the  deck  this 
night  about  ten  minutes  before  twelve,  and  it  appears  that  shortly  after 
the  officer  of  the  watch  observed  something  in  the  sky  resembling 
Aurora  Borealis.  At  1  a.m.  he  reported  it  to  me,  but  on  going  on  deck 
I  found  it  was  entirely  dispersed,  and  was  much  disappointed  at  his 
neglect 

Feb.  21. — Light  variable  winds  as  yesterday.  Very  few  icebergs  in 
sight.     Temperature  of  the  air  32°,  water  32°. 

Feb.  22. — Light  airs  from  the  southward  with  calm,  clear  weather. 
Two  icebergs  in  sight.  Variation  per  azimuth  40°  22'  W.  Saw  a 
hair  seal. 

Feb,  23. — Light  airs  from  the  E.S.E.,  and  calms  the  whole  of  these 
24  hours.  Saw  several  hair  seals.  At  10  p.m.  saw  a  faint  appearance 
of  the  Aurora  Australia,  which  appeared  to  form  in  a  yellowish-green 
arch  from  E.S.E.  to  S.S.  W.,  but  was  very  faint  and  continued  but  a  short 
time,  as  it  eventually  disappeared  at  the  setting  of  the  moon,  which  was 
very  dear  and  bright. 

Fd>.  24. — Moderate  breezes  with  snow  squalls.  The  wind  veering 
from  KN.E.  to  S.S.E.  Latitude  at  no.m  66°  08'  8.,  longitude  43°  54'  15" 
E.    Temperatute  30".     Variation  40''  22'  W. 

Feb.  25. — The  wind  became  more  steady  from  the  eastward,  although 
with  repeated  snow  squalls  and  cloudy  weather.  At  8  p.m.  saw  an 
appearance  of  land  to  the  southward,  with  many  ice-islands,  field-ice,  and 
with  much  straggling  pieces  about  us.  At  9,  the  weather  becoming  thick 
and  iqually,  tacked  to  the  northward.     At  10.80,  more  clear.     Stood 
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to  the  southward  through  much  loose  ice.  At  noon  our  latitude  was 
66°  29'  S.,  longitude  45"  17'  E. ;  that  which  lately  had  the  appearance  of 
land  now  bore  from  E.S.E.  to  W.S.W.  (true  bearing),  with  a  large  range 
of  field-ice  stretching  to  the  N.E.  Innumerable  icebergs,  and  the  veBsels 
80  encompassed  with  straggling  pieces  we  could  proceed  no  further  with 
safety  owing  to  a  strung  N.E.  swell,  which  set  towards  the  main  body  of 
ice,  which  it  no\?  proved  to  be  ;  the  appearance  of  it  was,  I  think,  nearly 
similar  to  the  North  Foreland,  and  I  should  think  the  cliffs  of  it,  which 
bore  the  marks  of  icebergs  having  been  broken  from  off  it^  and  which 
was  exactly  similar  to  their  sides  in  every  respect,  was  as  high,  or  nearly 
80,  as  the  North  Foreland ;  it  then  ran  away  to  the  southward  with  a 
gradual  ascent,  with  a  perfectly  smooth  surface,  and  I  could  trace  it  in 
extent  to  at  least  from  30  to  40  milee  from  the  foretop  with  a  good 
telescope ;  it  was  then  lost  in  the  general  glow  of  the  atmosphere.  As  I 
observed  some  two  or  three  lumps  which  had  the  appearance  of  land  from 
the  irregularity  of  their  surface,  I  lowered  a  boat,  and  went  myself  to 
ascertain  whether  or  not  there  was  any  appearance  of  land  on  a  nearer 
view,  judging  myself  to  be  about  3  miles  at  this  time  from  the  main 
body ;  but  after  pulling  about  half  an  hour  or  more,  I  found  we  were 
rather  more  than  half  a  mile  from  it  still,  with  the  ice  so  thick  we  could 
at  times  scarcely  get  the  boat  through  it,  and  as  both  vessels  were  hull 
down,  and  entirely  at  times  hid  from  us  by  the  ice,  the  weather  also 
having  a  black  appearance  from  the  northward  with  a  heavy  N.E.  swell, 
I  deemed  it  most  prudent  to  return  after  having  fully  convinced  myself 
this  was  nothing  more  than  a  solid  body  of  ice.  I  saw  nothing  near  it 
except  a  few  penguins,  and  shortly  after  getting  on  board  observed  a 
young  elephant  on  a  point  of  field-ice  we  were  then  passing,  and  which 
I  went  in  the  boat  and  shot.  It  proved  to  be  of  the  same  species  we 
had  seen  from  the  vessels  at  different  times,  and  which  we  supposed  to 
bo  hair  seal,  and  gave  about  4^  gallons  of  oil. 

I  have  long  been  anxious  to  ascertain  as  nearly  as  possible  the  origin 
of  icebergs.  It  is  the  given  opinion  of  most  navigators  that  they  are 
formed  contiguous  to  land,  and  Captain  Weddell  mentions  one  in  his 
southern  voyage,  which  had  so  much  black  earth  about  it  that  he  oould 
scarcely  satisfy  himself  it  was  not  a  rock.  But  of  all  the  icebergs  I  have 
seen,  which  are  many  hundreds,  I  could  never  discern  the  least  trace  of 
their  having  ever  been  connected  with  land,  and  had  formed  the  opinion 
in  my  mind  that  they  originated  from  a  vast  body  of  ice,  frozen  on  the 
surface  of  the  water,  and  accumulating  with  time,  and  I  should  have 
regretted  much  liad  I  been  obliged  to  leave  these  sou thefn  parallels,  from 
the  advanced  state  of  the  season,  without  satisfying  myself  in  this 
particular,  and  having  seen  nothing  but  the  field-ice.  However,  this 
morning  has  completely  satisfied  me  in  this  respect,  for  J  have  not  the 
leant  doubt  that  the  whole  spaces,  from  the  latitudes  J  have  vinted  to  the 
Pole,  are  one  solid  mass  ;  land  may  intervene,  or  winds,  where  they  are 
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itroQg  and  prevalent,  may  have  prevented  its  forming  in  some  parts 
more  than  others,  but  I  have  found  such  frequent  calms  and  light  airs 
with  smooth  water,  that  I  see  no  reason  why  ice  should  not  be  formed  to 
any  extent  during  the  winter  seasons,  and  if,  as  I  have  before  observed 
in  my  remarks,  it  could  form  in  the  month  of  January,  in  latitude 
68*'  S.,  of  the  substance  of  half  an  inch  in  one  night,  what  might  it  not 
do  in  the  month  of  July  under  the  same  circumstances?  As  to  the 
icebergs  being  formed  on  shore,  I  do  not  think  it  possible  or  probable 
for  this  reason,  their  own  weight  would  prevent  their  accumulating  on 
any  prominent  part  of  land.  It  would  break  off  at  different  times  and 
form  what  is  called  field-ice,  for  should  it  once  become  so  extensive  a 
mass  as  an  iceberg,  and  which  could  only  be  when  there  was  shallow 
water,  it  is  utterly  impossible  it  could  ever  separate  from  the  land  where 
it  was  first 'formed,  as  it  is  well  known  that  ice  swims  at  least  two-thirds 
under  water ;  indeed  I  have  been  astonished  at  some  pieces  which  were 
not  more  than  six  or  seven  feet  above  the  surfiEhce,  that  swam  so  deep 
I  could  scarcely  trace  their  bottoms  in  the  water ;  as  to  the  ragged  tops 
of  icebergs,  it  may  be  accounted  for  in  this  way :  after  a  portion  of  ice 
has  been  separated  from  the  main  body  by  a  gale  of  wind,  or  some 
eruption,  or  other  natural  cause,  its  surface,  as  I  apprehend,  is  always 
perfectly  smooth,  at  least  all  those  which  appeared  recently  separated 
were  bo,  while  the  others  which  were  sodden  with  salt  water  had 
smooth  parts  in  them  with  occasional  peakd,  and  in  other  parts  com- 
pletely honey-combed,  which  in  my  opinion  is  to  be  accounted  for  in  this 
way :  that  as  the  water  is  generally  found  to  be  one  or  two  degrees 
wanner  than  the  atmosphere,  together  with  the  continual  motion  of  the 
ioeberg,  which  is  sometimes  considerable — at  least  the  water  has  great 
motion  near  its  edges,  and  breaks  over  it  with  great  force — the  lower 
part  becomes  sodden  and  undermined,  and  its  softer  parts  give  way  to 
the  force  of  the  sea,  break  off  and  rise  to  the  surface,  which  forms  the 
field-ioe. 

After  this  continual  decay  below  has  gone  on  for  some  time,  the 

lower  part  becomes  unable  to  sustain  the  weight  of  the  upper;  it 

beoomes  too  heavy  and  capsizes,  which  shows  that  rugged  appearance 

I  have  before  mentioned,  and  should  it  be  blown  far  to  the  northward, 

it  tnms  over  and  over  occasionally  until  it  entirely  dissolves,  but  I 

don't  think  the  upper  parts  decay.     I  have  observed  several  where  the 

■on  at  times  had  the  power  to  dissolve  them  a  little,  but  frx)m  a  change 

of  wind  or  other  circumstances  it  was  again  frozen  into  an  icicle,  which 

had  a  beautiful  effect  when  the  sun  was  shining  on  it;  some  have 

^qpeared  to  have  been  a  long  time  drifting  about,  as  several  distinct 

layers  of  snow  were  perceptible  on  them,  and  those  which  appeared 

to  be  tamed  over  were  washed  in  places  as  smooth  as  a  vesseFs  bottom, 

and  sometimes  not  unlike  the  shape  of  one,  with  a  smooth  layer  of  snow 

Ofsr  it,  whioh  froze  as  it  fell,  some  forming  arches,  &c.    Field-ice  is 

T 


822  THE  AKTARCTIC   MANUAL. 

I  believe,  likewise  formed  from  the  upper  parts  of  ioebergs,  as  on 
Sunday,  the  20th  inst.,  the  vessels  were  very  near  a  large  ioe-island, 
and  while  looking  at  it  I  observed  a  large  mass  of  ice  break  off  from 
one  of  its  upper  projections  and  fall  into  the  water  with  a  tremendous 
noise,  and  which  floated  in  large  lumps  on  the  surface,  so  that  the 
breaking  up  of  one  or  two  of  these  icebergs  would  make  a  considerable 
patch  of  field-ice. 

Observing  a  large  range  of  complete  arches  in  this  iceberg  with 
many  other  cavities,  I  fired  a  cannon  shot  at  it  to  see  what  effect  it 
might  have ;  but  the  motion  of  the  vessel  at  the  time  of  firing  carried 
the  shot  just  over  its  surface,  when  a  complete  cloud  of  snow  birds  rose 
from  it,  which  in  all  probability  had  laid  their  eggs  there.  The  second 
shot  was  more  successful,  but  had  no  other  effect  than  knocking  off  a 
few  small  pieces  of  ice.  I  pulled. round  this  iceberg  in  a  boat  very 
close,  but  could  observe  no  symptom  of  its  having  ever  been  in  any  way 
attached  to  the  land. 

I  have  been  likewise  much  surprised  at  the  constant  easterly  winds 
which  prevail  on  these  meridians,  as  it  is  generally  understood  to  the 
southward  strong  westerly  winds  prevail,  but  I  have  a  beating  passage 
of  it,  which  with  the  frequent  calm,  now  and  then  a  strong  blow  fix)m 
the  S.E.,  with  generally  a  heavy  swell  from  that  quarter  for  some  time 
before  and  after,  together  with  the  thick  weather,  incommode  me  very 
much. 

Feb.  26. — A.H.  Squally  and  cloudy.  Wind  southerly.  At  noon 
latitude  65°  57\  longitude  46°  17'.  Passed  some  straggling  ice.  Many 
icebergs  in  sight,  p.m.,  wind  more  easterly.  Stood  to  the  southward. 
8  p.m.,  thick  weather  with  an  easterly  swell.  Tacked  to  the  north- 
ward, it  being  too  thick  to  venture  among  the  ice.  Cutter  in  close 
company. 

Feb,  27. — ^Moderate  breezes  from  the  S.S.E.,  with  a  most  distressing 
E.S.E.  sea,  which  made  the  vessels  pitch  and  strain  very  much,  and 
were  enabled  in  consequence  to  carry  but  little  canvas,  accompanied 
by  thick  weather.  Repeated  showers  of  snow.  Many  small  birds 
about  us. 

'  Feb,  28. — In  the  morning  more  regular  sea.  Tacked  to  the  south- 
ward. Wind  S.E.  Noon,  more  clear.  Latitude  65°  57'  S.,  longitude 
47°  20'  30"  E.  P.M.,  passed  to  the  southward  through  much  broken 
field-ice.  4  p.m.  saw  several  hummocks  to  the  southward,  which  much 
resembled  tops  of  mountains,  and  at  6  p.m.  clearly  distinguished  it  to  be 
land,  and  to  considerable  extent ;  to  my  great  satisfaction  what  we  had 
first  seen  being  the  black  tops  of  mountains  shovnng  themselves  through 
the  snow  on  the  lower  land,  which,  however,  appeared  to  be  a  great 
distance  off,  and  completely  beset  with  close  field-ice  and  icebergs.  The 
body  of  the  land  bearing  S.E. 

March  1. — ^During  the  whole  of  this  day,  and  the  2nd,  we  were 
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employed  in  endeavonring  to  work  a  passage  through  the  ioe,  but  after 
many  fruitless  attempts  and  some  heavy  blows,  were  always  frustrated. 
P.M.  As  our  attempts  to  near  the  land  every  hour  opens  some  new  object 
to  usy  and  seeing  a  blaff  point  in  S.E.  which  has  every  appearance  of  a 
cape,  I  still  have  hopes  of  accomplishing  my  wish.  Latitude,  at  noon, 
66**  r,  longitude,  49°  6'  30"  E.  The  main  body  from  S.W.  to  S.E.  about 
twelve  leagues  (nearly  calm),  having  stood  far  in  among  the  ice,  I  found 
some  di£Bculty  in  clearing  it  again,  and  as  the  calm  had  lasted  several 
hoorsy  the  sea  froze  to  that  excess  that  on  the  morning  of  the  3rd  we 
found  it  at  least  an  inch  thick  over  the  whole  surface  of  the  water,  and 
which  impeded  our  progress  through  it  very  much. 

March  3. — Thermometer,  air  32^°,  water  30°.     At  the  same  time, 
nearly  the  whole  night,  the  Aurora  Australis  showed  the  most  brilliant 
appearance,  at  times  rolling  itself  over  our  heads  in  beautiful  columns, 
then  as  suddenly  forming  itself  as  the   unrolled  fringe  of  a  curtain, 
and  again  suddenly  shooting  to  the  form  of  a  serpent,  and  at  times 
appearing    not  many  yards   above  us ;    it  was    decidedly  transacted 
in  our  own    atmosphere,   and  was  without    exception   the   grandest 
phenomenon  of  natare  of  its  kind  I  ever  witnessed.      At  this  time 
we  were  completely    beset  with  broken  ice,  and  although  the  vessels 
were  in  considerable   danger  in   running  through   it   with  a    smart 
bieese,  which  had  now  sprung  up,  I  could  hardly  restrain  the  people 
from  looking  at  the  Aurora  Australis  instead  of  the  vessel's  course. 
Haring  on  the  drd,  in  the  morning,  hauled  round  to  appearance  the 
eaatemmoet  part  of  the  firm  ice,  with  the  wind  at  S.W.,  and  after  a  run 
of  about  fifteen  miles  due  S.,  having  entered  a  narrow  channel  of  about 
three  miles  broad,  formed  on  the  west  side  by  an  immense  chain  of  ice- 
islands  and  on  the  east  by  firm  field-ice,  and  seeing  an  opening  ahead 
firam  the  mast-head,  was  in  great  hopes  to  find  a  passage  direct  to  the 
land,  bat  at  6  p.m.  found  it  blocked  up  in  every  direction,  nor  have  I 
been  able  in  any  one'  place  to  come  within  30°  of  it ;  hauled  out  to  the 
northward,  and  at  10  p.m.  came  into  clear  water,  and  on  the  4th  steered 
along  the  edge  of  the  field-ice.     Our  latitude  by  observation  at  noon, 
65**  42^  S^  longitude  49°  29'  E.    The  cape,  which  I  have  named  Cape  Ann, 
hy  bearings  at  4  p.m.,  being  in  latitude  66°  25'  S.,  longitude  49°  17'  45"  E. 
At  6.80  a  breeze    sprung  up  from  S.E.  with  squalls.     At   midnight 
ireahened  to  a  stiff  breeze,  and  at  4  p.m.  of  the  5th  blew  a  fresh  gale 
with  thick  weather  shortly  after.     We  lost  sight  of  the  cutter,  bearing 
•boat  west  by  north  two  miles.     The  gale  increased,  and  at  12  blew  a 
pstfect  hurricane,  which  lasted  without  intermission  until  the  morning 
of  the  8th.     The  weather  during  the  whole  time  was  so  thick  that  we 
eonld  acaroely  see  twice  our  own  length  in  any  direction,  and  being  so 
to  ioe  of  every  description,  were  in  a  very  dangerous  situation,  the 
being  at  the  same  time  a  complete  mass  of  ioe,.  and  the  wind 
blowing  so  intensely  cold,  it  was  impossible  for  the  people  to  hold 
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anything  in  their  hands  for  more  than  a  minute  or  two  at  a  time.  Our 
larboard  quarter-boat  was  washed  away.  Our  bulwarks,  starboard 
quarter-boats,  quarter-deck  rail  stove  in,  the  boats  being  up  at  least 
above  four  feet  above  rail  oloths,  but  by  the  blessing  of  God  we  drove 
clear  of  all  the  icebergs,  only  seeing  one  close  on  our  weather  bow,  our 
head  the  whole  time  of  the  gale  from  E.N.E.  to  N.E.,  and  had  we  &llen 
a  little  to  windward  of  any  large  iceberg,  or  emy  quantity  of  field-ice, 
must  have  all  inevitably  perished,  as  the  vessel  was  unmanageable,  and 
when  the  weather  moderated  on  the  morning  of  the  8th,  left  us  almost 
a  wreck.  At  8  a.m.  wore  round  to  the  southward.  At  noon  our 
latitude  by  observation,  63°  49',  longitude  47°  00'  GO"  E.,  having  made  a 
driffc  of  120  miles  N.N.W.  during  the  gale.  p.m.  The  weather  still 
wearing  a  threatening  appearance,  the  wind  at  N.E.  I  stood  to  the 
southward  under  easy  sail,  not  to  run  the  risk  of  being  caught  on  u  lee 
shore  should  it  blow  hard  from  the  northward.  I  have  had  several  men 
hurt  [and]  have  now  four  or  five  on  my  list  for  cure.  I  am  under  much 
apprehension  for  the  cutter,  as  I  think  this  is  the  hardest  blow  I  have 
ever  known  with  the  exception  of  the  hurricane  of  1814. 

From  the  8th  to  the  14th,  strong  S.E.  gales,  with  generally  one  in 
24  hours,  a  few  hours  interval  of  calms.  Snow  and  sleet  in  great 
abundance  nearly  the  whole  time,  so  that  when  we  had  a  few  hours  fair 
wind  the  weather  was  too  thick  to  make  much  way  towards  the  land,  as 
the  gales  succeeded  the  calms  very  suddenly. 

March  15. — p.m.  Dry  weather.  Passed  very  close  to  large  piece  of 
ice  about  a  ship's  length,  but  thank  God  cleared  it  safely.  At  noon, 
latitude  64°  43'  S.,  thermometer  shade  25°,  wind  S.W.  by  S.  Clear 
weather. 

March  16. — Stood  to  the  southward.  Latitude,  at  noon,  65°  16' ; 
longitude,  dead  reckoning,  49°  27'  E. ;  temperature,  air  24°,  water  30°. 
P.M.  It  freshened  to  a  gale  at  S.E.  Wore  to  the  northward.  At  mid- 
night stood  to  the  southward,  the  weather  being  nfoderate,  and  at  8  a.m. 
saw  the  land  bearing  south  by  compass,  which  was  a  very  high  mountain. 
Cape  Ann  was  shortly  after  observed  to  bear  S.W.  At  6  p.m.  made 
field-ice,  and  thick  clusters  of  icebergs  ahead,  and  4  points  on  each  bow, 
but  am  sorry  to  say  could  see  nothing  of  the  cutter.  Our  latitude  at 
this  time  was  65°  44'  S.,  longitude  50°  09'  E.  Cape  Ann  W.  by  S.  High 
land  about  ten  leagues  south  by  compass.  Temperature,  air  22°, 
water  29°.  Wind,  N.E.  and  moderate,  and  as  I  observed  little  or  no 
difference  in  the  position  of  the  field-ice  since  the  S.E.  gales,  I  feel 
myself  absolutely  obliged  to  give  up  all  farther  pursuit  in  this  part.  The 
land  inaccessible,  heavy  gales  frequent  every  day,  some  of  the  people 
getting  sick,  the  carpenter  for  some  time  past  having  lost  the  use  of  his 
legs,  and  two  others  at  this  time  in  the  same  situation,  and  two  or  three 
more  under  medicine  for  the  same  complaint,  although  every  attention 
has  been  paid  to  their  health  and  comfoi*t.     The  vessel  is  very  unoom- 
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foriable  in  bad  weather  and  ships  a  great  deal  of  water,  and  is  now  on 
her  ontside,  both  hull  and  ropes  where  the  spray  can  reach,  one  mass  of 
ioe ;  but  as  the  land  has  hitherto  tended  to  the  north-eastward,  I  am  still 
in  hopes  to  fall  in  with  it  in  that  direction  clear  of  ioe,  as  I  have  still  a 
great  space  on  the  charts  unexplored.  From  this  time  until  the  22nd, 
we  had  SJE.  gales  with  little  intermission,  and  consequently  were  enabled 
to  make  but  little  progress ;  on  the  23rd  the  wind  came  round  to  N.W. 
by  W.,  which  enabled  us  to  make  a  run  of  87  knots  to  the  eastward ;  but 
during  the  day  it  again  shifted,  and  blew  a  hard  gale  on  the  night  of  the 
23rd  and  the  24th  from  E.S.E.  to  S.S.E.  with  a  heavy  sea  on.  Our  lati- 
tude L.O.  noon  62°  26'  S. ;  longitude  52°  24'  E.  Temperature  32°,  and 
I  much  fear  shall  have  no  more  fine  weather  this  season,  the  nights  in- 
tolerably long  and  dark.  The  Aurora  Australia  has  made  its  appearance 
BOYeral  times,  and  sometimes  very  brilliant,  which  I  took  to  be  an  indica- 
tion of  wind.     For  some  days  back  we  have  had  many  birds  about  us. 

JforcA  25. — ^We  had  hard  gales  from  S.S.W.,  the  weather  still  con- 
tinuing very  thick.  On  the  26th  the  wind  came  round  to  E.S.E.  again, 
with  fresh  gales  and  squalls.     Towards  noon  it  calmed. 

March  27. — Strong  winds  S.E.,  squally  with  much  snow  and  sleet, 
intervals  of  calm,  which  left  a  most  distressing  sea ;  a  great  quantity  of 
black  eaglets  and  other  small  birds  about  us.  Very  thick  weather  at 
times. 

March  28. — During  the  night  the  weather  became  clear,  with  a 
moderate  breeze  from  the  northward.  At  8  saw  the  appearance  of 
land  S.S.E.  Towards  noon  the  weather  thickened,  and  blew  a  strong 
gale  from  N.N.E.  Wore  round  to  the  N.W.  to  wait  for  clear  weather. 
Latitude,  L.O.  60°  43',  dead  reckoning  60°  33';  longitude,  L.O.  65°  17' E. 
I  have  not  had  an  observation  since  the  14th.  I  have  six  of  the  crew 
laid  up  with  pains  and  swellings  in  their  legs. 

March  29. — Strong  breezes.  All  night  from  the  northward,  hove 
to.  Daylight,  bore  up  S.K  Noon,  altered  course  to  S.S.E.  No  land 
in  sight.     P.M.,  ditto  weather. 

March  30. — Strong  gales  from  N.E.  to  N.N.W.,  with  frequent  squalls 
of  snow  and  sleet,  and  for  the  most  part  very  thick.  Bore  up  and  hove 
as  the  weather  required.  Passed  several  ice-islands  during  these  gales. 
p.]f.,  ditto  wind.  Altered  course  to  south.  Daylight,  bore  up  and  made 
sail,  steering  south.  Noon,  moderate.  Latitude  by  observation  59°  50', 
from  last  observation  60°  55'.  Longitude  by  chronometer  61°  28',  from 
last  observation  60°  46',  which  gives  a  current  north  33°  E.,  78  miles 
in  15  days,  but  in  all  probability  the  error  arose  from  the  continual 
gales  we  have  had  since  our  last  observations.  8  p.m.,  thick  weather, 
hove  to.  Daylight,  bore  up  S.  Moderate  breezes  from  the  northward, 
with  showers  of  snow  and  a  heavy  swell.  (I  very  much  fear  several 
of  the  crew  have  got  the  scurvy.)  Noon,  latitude  by  observation 
iff  88'  8.,  longitude  by  chronometers  63"*  08'  E.,  temperature  34J^ 
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April  2. — ^Moderate  breezes  from  the  northward,  bnt  very  squally, 
with  much  snow.  During  this  night  the  Aurora  Australis  was  ex- 
ceedingly bright,  having  the  appearance  at  times  of  the  opening  and 
shutting  of  a  fan  and  various  other  shapes,  moving  almost  with  the 
quickness  of  lightning,  and  at  times  only  a  few  yards  above  our  heads, 
and  had  more  the  appearance  of  illuminated  mist  blown  about  by 
furious  whirlwinds  than  anything  else  I  can  compare  it  to;  indeed, 
more  or  less,  it  makes  its  appearance  nearly  every  night. 

April  3. — We  had  the  wind  northerly  with  showers  of  snow.  Lati- 
tude at  noon  62°  12'  S.,  longitude  L.O.  66°  24'  E.  On  the  4th  our 
latitude  at  noon  by  observation  was  62°  23',  longitude  68°  05'  E., 
temperature  28°,  winds  light,  N.N.E.,  but  towards  the  afternoon  the 
wind  came  round  to  the  southward  with  much  snow  and  thick  weather, 
and  at  midnight  blew  a  heavy  gale  from  S.E.,  which  during  the  5th 
hauled  round  to  the  S.W.,  and  continued  to  blow  with  great  violence 
until  the  6th,  a.m.,  when  it  moderated,  and  again  came  round  to  N.N.E. 
I  had  hoped  to  find  land  from  the  general  appearance  of  that  I  had 
left  in  about  61°  S.  and  65°  E.,  but  finding  nothing  on  the  4th, 
62°  23'  S.,  longitude  68°  00'  E.,  and  experiencing  nothing  but  heavy 
gales  from  S.W.  to  S.E.,  anywhere  beyond  the  latitude  62°  S.  The 
vessel,  now  a  complete  mass  of  ice,  only  three  of  the  crew  who  can 
stand,  and  likewise  being  well  convinced  that  any  land  to  the  south- 
ward of  that  latitude  would  be  inaccessible,  I  find  myself  from  these 
most  imperious  considerations  obliged,  although  very  reluctantly,  to 
give  up  any  further  pursuit  this  season,  and  as  I  have  observed  nothing 
which  in  my  opinion  can  authorise  me  to  wait  here  for  another  season 
by  wintering  at  the  Island  of  Desolation,  I  consider  it  most  prudent  to 
proceed  to  New  Zealand  in  prosecution  of  my  voyage,  and  to  get  into 
a  climate  more  settled  as  soon  as  possible  to  reinstate  the  health  of  my 
crew,  the  whole  of  whom  I  have  now  put  on  fresh  provisions,  which, 
should  it  be  the  scurvy  they  have,  will,  I  hope,  at  least  prevent  its 
spreading  any  further.  From  this  time  until  the  14th  we  had  very 
unsettled  weather.  The  wind  from  N.N.E.  to  N.W.,  blowing  in  squalls 
and  heavy  gales  nearly  the  whole  time,  and  the  nights  so  exceedingly 
dark,  except  when  illuminated  by  the  Aurora  Australis,  that  I  found  it 
necessary  to  lay-to  every  night.  On  the  15th  the  weather  became  more 
modei*ate,  but  left  a  very  long  north-westerly  swell,  which  prevented 
us  seeing  in  the  night  more  than  two  or  three  cables'  length. 

April  16. — Still  continued  squally  with  hail,  though  generally  fine, 
and  a  heavy  westerly  swell.  Our  latitude  at  noon  being  54°  49'  S.,  by 
observation,  longitude  90°  3'  45°  L.O.,  and  this  being  about  midway  of 
Captain  Cook's  tracks,  should  the  weather  prove  fine,  1  intend  to  run 
along  on  this  parallel.     (Two  of  the  crew  complain  very  much.) 

April  17. — Wind  northerly  with  heavy  squalls.  Much  snow  and  sleet 
with  thick  weather,  which  obliged  me  to  heave  to  every  night,  the  wind 
always  bringing  a  high  sea  with  it,  which  kept  our  decks  continually 
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afloat,  and  oontinned  to  blow  between  west  and  north  nntil  the  21  st, 
when  it  became  more  steady  at  N.W.  and  clearer. 

April  22. — Ditto  wind.  Our  latitude  at  noon,  by  obseryation,  54^ 
ST  S.«  dead  reckoning  54°  10',  making  a  difference  of  4°  in  ten  days,  and 
of  latitude  45'  in  five  days,  which  I  think  is  to  be  attributed  to  great 
decrease  of  variation  as  well  as  not  allowing  sufficient  distance  in  the 
courses,  as  the  sea  has  generally  been  very  high  and  running  after  the 
vessel;  and  by  an  azimuth  this  afternoon  I  found  the  variation  only 
27^  88'  west,  which  is  a  decrease  of  15  degrees  since  the  last.  8  p.m., 
the  Aurora  Australis  is  very  bright,  stretching  in  the  form  of  a  rainbow 
from  E.S.K  to  W.S.W.  During  the  last  few  days  I  have  observed  a  new 
species  of  eaglet  with  «  «  *  «  head  and  body  and  black  wings. 

April  23. — Strong  north-east  gales  with  thick  weather,  which  lasted 
all  the  24th.  At  5  p.m.,  this  day,  died  Henry  Brown,  the  carpenter. 
He  had  had  a  long  illness,  which  commenced  with  pains  and  swellings 
in  his  legs.  Afterwards  his  mouth  became  much  affected,  the  gums 
swelling  over  his  teeth,  and  a  general  debility  ensued.  When  he  died 
his  mouth  was  in  a  putrid  state.  I  regret  very  much  the  death  of  this 
man,  as  he  was  very  useful  and  had  good  abilities. 

April  25. — Moderate  breezes  from  the  northward  with  a  heavy  sea 
running. 

April  26. — Strong  northerly  winds  with  hazy  weather,  and  having 
now  only  one  of  the  crew  able  to  stand,  together  with  one  boy,  the 
officers  (two  mates)  and  myself,  I  find  it  absolutely  necessary  to  make 
the  best  of  my  way  for  Van  Diemen's  Land  to  save  the  vessel  and  the 
lives  of  those  who  remain. 

April  27. — Passed  some  kelp,  and  at  several  times  saw  and  heard 
penguins.  From  this  to  the  30th  the  wind  was  light,  with  much  rain, 
when  it  blew  a  strong  gale  from  N.E.,  with  heavy  and  frequent  hail 
squalls.  P.M.  Died,  John  Antonio,  a  native  of  the  Cape  Yerde,  of 
dysentery ;  the  others  of  the  crew  in  a  very  dangerous  state.  Strong 
N.W.  winds.  Latitude  by  observation,  being  the  first  for  some  days, 
52°  58',  by  dead  reckoning,  51°  36',  which  shows  a  great  decrease  in 
variation. 

May  2.— Longitude  L.  0.,  126°  32'  45"  E.  On  the  2nd  of  May  the 
wind  came  more  to  the  westward,  which  enabled  us  to  haul  up  north-east 
by  north,  as  there  is  now,  I  find,  no  variation  by  the  observations, 
or  if  any,  easterly.  This  is  very  acceptable,  as  one  of  the  mates 
oomphdns  very  much,  and  has  evident  symptoms  of  scurvy.  Our 
latitude  at  noon,  51°  53'  S.,  longitude  by  chronometer,  No.  2,  134°  40' 
WE.;  by  L.  O.,  129°  09'  E. ;  by  dead  reckoning,  126°  40'  E.,  which  great 
difference,  I  conclude,  must  be  from  error  in  reckoning  and  allowing 
the  course  too  much  to  the  northward. 

Jfoy  8. — Strong  westerly  gales  with  hard  squaUs  and  much  hail. 
Heavy  running  S.W.  sea,  which  lasted  with  little  variation  till  the  6th, 
when  it  became  more  moderate.    Latitude  by  observation,  at  noon, 
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44°  36'  S.,  longitude  by  chronometer,  No.  2,  144°  12'  30"  E.  At  6  p.m. 
hove  to,  and  at  daylight  of  the  7th  saw  land  bearing  from  N.  to  N.W., 
p.m.  Light  airs  from  N.N.W.,  with  long  westerly  swell.  At  5  the 
extremes  of  the  land  bore  from  N. }  W.  to  north-west  by  W.  \  W.,  which 
by  cross  bearings  gave  the  entrance  into  Storm  Bay,  N.N.W.  abont  30 
miles.  By  ditto,  ditto,  Rurick's  Bock,  S.W.  about  10  miles.  The  people 
continue  much  in  the  same  state  for  some  days  past.  The  wind  con- 
tinued from  the  north-west  with  a  heavy  swell,  blowing  only  at 
intervals  and  then  falling  calm,  which  made  it  utterly  impossible  to 
near  the  land,  the  swell  and  current  at  the  same  time  cariying  us  away 
to  the  S.E.,  and  at  8  p.m.  on  the  8th  we  had  drifted  at  least  20  miles  in 
a  S.E.  direction ;  under  the  conviction  that  should  we  be  blown  away 
from  this  land  it  was  hardly  possible  for  us  under  the  present  circum- 
stances to  reach  any  other,  I  endeavoured  all  in  my  power  to  keep  up  the 
spirits  of  those  on  board,  and  often  had  a  smile  on  my  face  with  a  very 
different  feeling  within. 

May  9.— On  the  9th,  in  the  morning,  the  wind  came  round  to  the 
S.E.  and  gradually  increased;  the  form  of  the  land  clearly  showed 
Storm  Bay  open,  but  the  headlands  had  nearly  sunk  below  the  horizon. 
At  6  p.m.  we  were  within  Tasman  Head,  and  as  I  expected  the  wind 
would  die  away  on  approaching  the  bay,  I  ran  in  without  fear,  but 
about  this  time  it  came  on  to  blow  and  rain  very  hard.  The  sea  got  up 
almost  instantaneously,  and  as  the  night  came  on  very  dark,  and  being 
an  entile  stranger  without  any  directions  for  entering  the  port,  and 
having  no  other  guide  than  a  plan  of  the  bay  by  chance  I  found  among 
the  other  charts.  Although  my  situation  was  so  precarious,  I  should 
have  been  most  happy  had  I  been  30  miles  further  at  sea.  However,  by 
excessive  hard  work,  veering  round  when  I  saw  land  or  the  glimpse  of 
land  on  either  side,  at  daybreak  I  found  myself  in  a  very  good  situation 
for  running  in  for  the  mouth  of  the  Derwent. 

May  10.— Although  it  was  still  very  thick,  and  on  entering  the 
river  I  saw  a  flagstaff  and  made  a  signal  of  distress,  but  received 
neither  pilot  nor  assistance  till  within  three  or  four  cables'  lengths  of 
the  ships  at  anchor  in  Sullivan's  Cove,  when  the  pilot  came  on  board, 
and  almost  immediately  after  the  Lively  (Captain  Weddell)  cutter  with 
eight  or  ten  hands,  and  moored  the  vessel. 

The  moment  the  proper  authority  had  been  on  board  I  went  ashore, 
and  having  no  agent  here,  I  applied  to  Mr.  James  Grant,  who  is  agent 
for  Lloyds,  as  the  most  proper  person  I  could  apply  to. 

However,  he  declined  doing  anything  personally,  but  introduced 
me  to  Mr.  Anthony  Fern  Kemp,  who  on  being  informed  of  the  circum- 
stances of  the  voyage  and  the  owners,  immediately  consented  to  under- 
take the  agency  of  the  vessel,  and  took  immediate  measures  for  getting 
the  people  into  the  hospital,  and  by  4  o'clock  p.m.  I  had  the  pleasure 
pf  seeing  them  all  Safely  admitted  and  taken  care  of. 
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Voyage  aeroas  the  Pacific  and  Discovery  of  Orahatn  Land. 

1881.  Oct,  10.— At  8  a.m.  weighed  and  stood  out  of  Sulliyan's 
Cove  in  oompany  with  the  Lively^  Captain  Weddell.  Messrs.  McMichael, 
Thomson  and  several  other  gentlemen  came  on  board  to  breakfast  and 

now  took  their  leave. 

•  »♦♦♦♦ 

1832.  Jan.  4.— On  the  4th  January  were  in  latitude  56°  26'  S., 
longitude  172°  45'  W.,  with  light  variable  winds,  and  being  now  in  the 
latitude  in  whioh  I  had  hopes  of  falling  in  with  land,  I  determined  to 
keep  within  this  parallel  for  some  degrees  to  the  eastward.  On  the  5th 
saw  some  albatross  and  some  smaller  birds,  and  at  various  times  passed 
kelp  in  small  quantities.  At  noon  the  wind  was  strong  from  the  east- 
ward, with  thick  weather.  On  the  6th  much  rain.  Saw  2  seals.  The 
weather  still  thick.  Wind  south-east  by  east.  I  continued  in  tbis 
parallel  until  the  11th,  the  weather  all  this  time  being  very  thick,  and 
endeavouring  as  near  as  possible  making  a  N.E.  and  S.E.  course,  so 
that  should  any  land  be  near  I  could  not  possibly  pass  it,  at  the  same 
time  running  some  risk,  and  as  the  Nimrod  Islands  were  now  in  my 
track,  I  had  great  hopes  they  were  in  existence,  and  steered  various 
oourses  to  fall  in  with  them.  These  islands,  as  laid  down  in  one  of  my 
charts,  agreeing  with  the  latitude  in  which  I  had  expected  to  find 
land.  Latitude  by  observation  at  noon  56°  03',  longitude  167°  50'  22', 
means  of  all  the  chronometers.  Continued  making  an  easterly  course 
until  the  14th.  The  weather  still  foggy,  when  there  was  evei-y  appear- 
ance of  being  on  a  bank — sounded,  but  no  bottom. 

Weather  more  clear  and  many  birds  about  the  vessels.    Passed  some 
kelp  occasionally. 

Squalls  of  snow  from  the  southward.  Barometer  29°  30',  thermo- 
meter, air  39°. 

On  the  I7th  strong  westerly  winds,  some  blue  petrel  in  sight. 
Thick  foggy  weather  with  rain.  Barometer  28°  30',  thermometer 
42°,  latitude  67°  29',  longitude  143°  18'  W.,  and  as  I  intended  to  cross 
Captain  Cook's  tracks  and  steer  for  a  chance  of  making  land  to  the 
W£.W.  of  South  Shetland,  I  gave  Mr.  Avery  the  requisite  instructions 
in  case  of  parting  company. 

Jan.  22. — Saw  a  Port  Egmont  hen,  but  it  was  soon  lost  in  the  haze, 
and  could  not  determine  what  course  it  had  taken.  On  the  23rd  and 
24th  the  wind  was  very  variable  and  squally,  with  snow  showers.  On 
the  25th  passed  several  icebergs,  with  variable  winds,  which  were 
•uooeeded  by  strong  southerly  gales.  The  barometer  for  several  days 
•tending  at  29°,  with  little  variation,  mean  temperature,  air  37°. 
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Jan.  28. — Strong  breezes  from  the  northward  with  thick  weather. 
Passed  many  icebergs.  Latitude  at  noon  61°  32',  longitude  130°  55', 
L.O.  On  the  29th,  30th  and  31st  passed  throngh  large  olnsters  of  ic»- 
islands,  about  100  each  day,  with  some  loose  ice.  Latitude  at  noon,  64° 
21'  S.,  longitude  160°  27'  W.,  L.O.'s. 

Feb.  1.— On  the  Ist  of  February  the  barometer  fell  to  27-70.  The 
thermometer,  air  35°,  water  35° ;  about  six  islands  were  in  sight  con- 
tinually. The  weather  cloudy,  sea  topping,  squally  from  the  S.W., 
and  considerable  fall  of  snow.  The  barometer  continuing  to  fall,  I  made 
every  preparation  for  a  gale,  as  the  wind  hauled  round  to  the  eastward, 
and  the  appearance  of  the  weather  in  every  respect  very  threatening. 

Feb,  2. — ^Hazy  weather,  with  snow  and  sleet.  Wind  variable,  but  not 
strong.  Latitude  at  noon,  65°  01'  S.,  longitude  114°  19'  W. ;  barometer, 
27*45,  at  midnight,  27-30 ;  thermometer,  air  40°,  water  36°.  3rd.  Haay 
weather,  light  easterly  winds.  Eight  or  ten  icebergs  always  in  sight. 
Saw  two  or  three  albatross.  Latitude  at  noon  65°  32'  S.,  longitude  114° 
09'  W.  Barometer  rose  27-80 ;  thermometer,  air  39^°,  water  36°.  p.m. 
The  weather  more  clear,  and  every  appearance  of  being  fine.  Observed 
the  phenomenon  of  a  large  iceberg  falling  to  pieces,  which  it  did  with 
the  noise  of  a  clap  of  thunder ;  being  very  near  the  vessel,  the  sea  was 
immediately  strewn  with  the  fragments,  and  the  iceberg  appeared  to  be 
not  one-half  its  original  size. 

Feh.  4. — Light,  hazy,  variable  weather.  The  cutter  being  rather 
short  of  water,  supplied  her  with  six  hogsheads,  to  prevent  the  crew 
drinking  the  ice-water,  which  I  think  tends  much  to  produce  dysentery. 
P.M.  Mr.  White  returned  on  board  from  the  cutter  in  consequence  of 
some  dispute  with  Mr.  Avery,  and  the  cutter's  sails  being  in  so  bad  a 
state,  I  find  it  absolutely  necessary  to  make  as  quick  a  passage  as 
possible ;  indeed  I  am  well  convinced  that  should  land  be  found  much  to 
the  southward  of  this  latitude  it  would  be  impossible  to  get  to  it  for  ice, 
and  although  it  might  answer  the  purpose  of  discovery,  would  not  be 
beneficial  to  these  vessels,  and  the  long  and  severe  fogs,  should  the 
voyage  be  much  lengthened  here,  would  disable  the  crew  for  their 
necessary  duty,  should  we  find  any  land  in  the  neighbourhood  of 
Palmer's  Land  or  South  Shetland,  or  even  afterwards  about  Gape  Horn, 
and  besides  it  would  be  throwing  the  remainder  of  the  season  away  to 
little  purpose,  p.m.  A  few  ice-islands  about.  The  wind  light  from 
the  northward,  and  thick  weather  on  the  5th  and  6th.  The  wind  fresh 
from  E.S.E.  to  S.E.  During  these  two  days  we  passed  many  clusters  of 
large  ice-islands.  On  the  7th  the  wind  south,  blowing  a  brisk  gale. 
Latitude  at  noon  64°  30'  S.,  longitude  106°  33'  W. ;  temperature,  air  35°, 
water  35° ;  barometer,  29  00.  Variation  per  azimuth,  27°  57'  E.  (a  very 
rapid  increase).  On  the  8th  much  snow  and  sleet.  9th,  ditto  weather. 
Strong  N.W.  winds,  with  snow,  sleet  and  thick  weather,  which  lasted 
till  a.m.  of  the  12th,  when  it  became  more  dear,  and  having  passed 
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through  from  150  to  200  icebergs  every  day  for  some  time  back,  our 
navigation  has  been  attended  with  considerable  danger,  being  obliged  to 
heave  to  and  bear  np  continually,  as  the  weather  became  more  thick  or 
partially  cleared  away.  Several  albatross  about,  besides  a  few  Cape 
pigeons.  Latitude  at  noon  66°  27'  S.,  longitude,  by  means  of  chrono- 
meters, 81^  50"  W.  Mean  temperature,  air  36°,  water  36° ;  barometer 
29°  20^.  Variation,  per  several  sets  of  azimuths,  32°  E.,  a  difference  of 
18°  when  the  compass  was  placed  on  the  binnacle,  and  when  on  the 
quarter ;  having  no  convenient  place  amidships,  of  course  I  most  abide 
by  those  taken  at  the  binnsM^le.  Several  hump  and  fin-backed  whales 
in  sight  occasionally. 

Feb,  14— A.H.  Saw  a  seal  and  a  penguin  and  a  few  blue  petrels. 
Came  suddenly,  about  1  a.m.,  upon  close  clusters  of  icebergs  and  much 
broken  ice ;  obliged  to  steer  N.E.  for  several  hours  to  clear  them,  having 
not  less  than  four  or  five  hundred  icebergs  ahead  and  on  each  bow. 
P.M.,  about  twenty  ice-islands  only  in  sight ;  temperature,  water  34°, 
air34J°;  barometer  29  •  20° ;  latitude  at  noon  66°  30*  S.,  longitude  L.O., 
78°  04'  W. 

F^.  15. — On  the  15th  strong  gales  from  the  southward.  Water 
smooth.  Latitude  at  noon  67°  01'  S.,  longitude  71°  48'  W.  At  6  p.m. 
saw  land  bearing  E.S.E.,  which  appeared  at  a  great  distance^run  for  it 
all  night  with  a  light  breeze  from  the  S.W.  At  noon  our  latitude 
was  67°  15',  longitude  69°  29'  W.  The  body  of  the  island  E.  about 
three  miles.  Temperature,  air  33°,  water  33j^°,  at  a  depth  of  250 
&thoms  (no  bottom).  Barometer  29*30°.  This  island  being  the- 
farthest  known  land  to  the  southward,  I  have  honoured  it  with  the 
name  of  H.M.G.  Majesty  Queen  Adelaide.  It  has  a  most  imposing 
and  beautiful  appearance,  having  one  very  high  peak  running  up 
into  the  clouds,  and  occasionally  appears  both  above  and  below 
them;  about  one-third  of  the  mountains,  which  are  about  4  miles 
in  extent  from  north  to  south,  have  only  a  thin  scattering  of  snow 
over  their  summits.  Towards  the  base  the  other  two-thirds  are  buried 
in  a  field  of  snow  and  ice  of  the  most  dazzling  brightness.  This  bed 
of  snow  and  ice  is  about  4  miles  in  extent,  sloping  gradually  down 
to  its  termination ;  a  cliff,  ten  or  twelve  feet  high,  which  is  split  in  every 
direction  for  at  least  two  or  three  hundred  yards  from  its  edge  inwards, 
and  which  appears  to  form  icebergs,  only  waiting  for  some  severe  gales 
or  other  cause  to  break  them  adrift  and  put  them  in  motion.  From  the 
great  depth  of  water,  I  consider  this  island  to  have  been  originally  a 
duster  of  perpendicular  rocks,  and  I  am  thoroughly  of  opinion  that  the 
land  I  before  saw  last  year,  could  I  have  got  to  it,  would  have  proved  to 
be  in  the  same  state  as  this,  and  likewise  all  land  found  in  high  southern 
latitudes. 

Feb.  15. — ^I  now  determined  to  stand  to  the  N.E.,  supposing  that 
100  miles  in  latitude  might  make  a  considerable  difference,  and  from 


832  THE  ANTARCTIC  MANUAL. 

this  island  being  cleared  of  all  drift-ice  by,  I  suppose,  the  prevailing 
southerly  winds,  others  might  be  found  more  favourable. 

Feb.  16. — We  could  see  now  high  mountains  to  the  southward,  and, 
the  weather  being  particularly  clear,  must  have  been  at  least  ninety  miles 
off.  On  this  night  and  all  the  17th  the  weather  was  very  thick,  which 
obliged  me  to  stand  to  the  N.  W.,  and  although  there  was  scarcely  a  living 
thing  to  be  seen  near  the  island  we  had  left,  birds  were  now  very  thick 
about  us.  P.M.  Hauled  up  N.E.,  having  made  a  N.N.W.  course  about 
ninety  miles. 

On  the  17th  and  18th  passed  several  small  islands  of  exactly  the 
same  appearance  as  Adelaide  Island.  This  range  lays  W.S.W.  and 
E.N.E.,  and  had  no  mountains  on  their  tops,  but  a  complete  field  of  snow 
and  ice  perfectly  smooth  except  near  their  edges.  I  could  plainly  see  a 
tier  of  very  high  mountains  in  the  background,  which  had  a  grand 
appearance. 

Feb.  19.— At  4  p.m.  I  sent  the  boat  to  an  island,  which  appeared  to 
join  the  mainland,  and  some  naked  rocks  lying  off  the  mouth  of  a  con- 
siderable entrance.  I  had  great  hopes  of  finding  seal  in  them.  At 
10  a.m.  the  boat  returned,  not  having  found  anything  alive  on  the  island, 
but  having  pulled  quite  round  what  Mr.  White  informed  me  was  an 
excellent  harbour  for  shelter,  although  a  rocky  bottom.  I  have  named 
this  island  Pitt's  Island,  from  the  great  likeness  of  an  iceberg  to  that 
statesman  in  a  sitting  posture,  and  which  for  some  time  I  took  to  be  a 
rock.  This  island  has  many  bays  in  it ;  the  centre  part  of  the  west 
side,  latitude  65°  20'  S.,  longitude  66°  38'  W.,  by  good  sights  [and]  chrono- 
meters. A  heavy  S.W.  swell  setting  on  shore  prevented  me  from  running 
between  this  and  a  smaller  island  to  the  N.W.  towards  the  mainland, 
which  I  had  at  first  intended  to  do.  The  weather  became  thick,  and 
having  many  rocks  in  sight,  hauled  out  to  the  westward. 

Feh.  21.— On  the  21st  I  again  stood  towards  the  mainland,  and  at 
8  a.m.  went  in  the  boat  myself  and  pulled  into  a  large  inlet;  the  bottom 
appeared  to  bo  rocky  in  places  where  it  could  be  seen,  but  I  found  no 
bottom  with  20  fathoms,  but  as  we  found  no  seal  nor  indeed  anything 
but  penguins  and  a  few  birds,  I  did  not  sound  with  a  deeper  line.  This 
being  the  mainland,  I  took  possession  of  it  in  the  name  of  His  Majesty 
King  William  the  Fourth,  the  highest  mountain  I  named  Mount  William 
on  the  same  occasion ;  the  next  in  height  I  named  Mount  Moberly,  in 
honour  of  Captain  John  Moberly  of  His  Majesty's  Navy ;  the  water 
was  so  still  that  could  any  seal  have  been  found  the  vessels  might  have 
been  loaded  with  the  greatest  facility,  as  they  might  have  lain  along- 
side many  of  the  rocks  perfectly  secure.  These  rocks  for  the  most  part 
were  clear  of  snow ;  the  day  being  fine  and  the  sun  very  warm  makes 
it  the  more  surprising  that  nothing  was  found  upon  them.  On  one  of 
them  I  observed  two  young  Port  Egmont  hens  lying  partly  on  the 
rocks  and  partly  on  the  snow  without  either  nest  or  shelter.     On  the 
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22nd  and  part  of  the  23rd  it  blew  a  severe  gale  from  N.N.E.  to  N.,  and  I 
hauled  off  the  land  with  a  press  of  sail.  Towards  the  evening  of  the 
23rd  the  weather  became  more  moderate,  but  thick  and  threatening. 

Feb.  23. — During  this  day  and  the  24th  stood  off  and  on  shore  as 
the  weather  cleared  up. 

On  the  25th  more  clear,  but  nearly  calm.  Land  from  N.E.  to  east 
by  south.  Latitude  at  noon  64°  28'  S.  Longitude  by  chronometers 
66**  11'  15"  W.,  by  lunar  0  and  O  66"  49'  45"  W.  Latitude  of  Mount 
William  64°  45'  S. 

Feb.  26.— Longitude  63°  51'  W.  On  the  26th  calm  weather  and 
clear  with  S.W.  swell.  Temperature,  air  35°,  water  36°.  Barometer 
29°  00".  A.M.  of  tbe  27th,  squally  appearance ;  saw  the  loom  of  land 
in  the  N.W.,  stood  in  that  direction  in  hopes  of  better  success.  On  the 
27th  the  wind  was  moderate  from  the  southward  with  squalls  of  snow. 
During  this  day  and  the  28tb  continued  to  make  a  N.W.  course  in  bopes 
of  finding  land,  but  saw  none  in  that  direction.  Supplied  the  cutter 
with  water. 

Feb,  29. — On  the  29th  of  February,  at  7  a.m.,  saw  Smith's  or  James' 
Island  bearing  east  by  south  ^  south.  Strong  northerly  gales  with 
thick  weather.  Heavy  squalls  and  very  heavy  sea,  which  lasted  until 
the  2nd  of  March,  when  the  wind  shifted  to  W.S.W. ;  finding  the  sea 
dear  of  ice  I  determined,  if  possible,  to  visit  South  Shetland,  although 
the  season  was  far  advanced.  I  was  in  hopes,  should  no  vessels  have 
arrived  here,  I  might  still  be  in  time  to  load  the  vessels  with  elephant 
and  oil,  as  I  now  expected  the  March  bulls  would  be  coming  up. 

March  3. — On  the  3rd  uf  March  at  noon  our  latitude  was  62°  08'  S. 
Longitude  by  chronometers  62°  1 7'  45"  W.  Temperature,  air  36°,  water  39°. 
Barometer  28°  56'.  The  entrance  to  New  Plymouth  S.S.E.  i  E.  James' 
Island  south  by  west.  Midnight,  strong  gales  from  the  south-west  with 
heavy  snow  squalls.  Noon  of  the  4th,  ditto  weather.  Smith's  Island 
&S.W.  Entrance  to  New  Plymouth.  South  Shetland  S.E.  |  E.  Longi- 
tude by  chronometer  at  noon  62°  09'  W.  Temperature  of  air  31°, 
water  34°.  Barometer  20°  50'.  During  all  this  night  heavy  squalls  of 
wind  with  snow.  Noon  of  the  5th  more  moderate.  At  4  p.m.  entered 
the  mouth  of  New  Plymouth.  Sent  a  boat  to  sound  for  an  anchorage. 
At  6.80  came  to  in  5  fathoms  water  with  the  best  bower.  Found  lying 
here  the  schooner  Exguinte  of  London.  From  Captain  Eellock  I  under- 
stood this  anchorage  was  quite  secure,  and  on  the  6th  it  certainly 
appeared  so.  After  I  had  hauled  the  vessels  closer  in  shore,  moored 
the  Tula  with  45  fathoms  of  chain  upon  each  anchor,  she  being  then 
completely  land  locked. 

Understanding  there  were  plenty  of  elephant  on  tbe  beaches,  I  lost 
no  time  in  looking  for  them,  and  on  the  7th  sent  away  two  boats, 
whioh  returned  next  day  loaded,  having  met  with  about  thirty 
elephant,  which  were  killed.     Conjointly  with  the  crew  of  the  Exguinte^ 
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the  boats  continned  to  work  briskly  for  a  few  days,  but  these  being  the 
only  animals  up,  with  the  exception  of  a  few  stragglers,  it  was  soon 
put  a  stop  to. 

March  11. — On  the  11th,  I  found  no  prospect  of  doing  any  more  good 
with  the  boats,  and  determined  to  fit  the  cutter  out  and  examine  the 
different  islands  to  the  southward.  On  the  17th  the  Exquisite  sailed  for 
London,  and  on  the  18th  I  went  out  with  the  cutter.  Hitherto,  during 
my  stay  in  New  Plymouth,  the  wind  had  been  from  the  N.W.  and  S.W., 
but  without  bringing  in  any  considerable  sea,  so  that  I  conceived  the 
TSaIg  perfectly  safe  while  I  should  be  away  with  the  Livdy.  I  now 
stood  for  James*,  or  Smith's  Island,  but  found  nothing,  Low  Island, 
Snow  Island,  the  South  Beaches,  etc.,  etc.  But  on  Snow  Island  I  found 
eleven  pup  elephants  and  at  the  great  risk  of  losing  the  boat  and  orew. 
The  weather  has  been  so  bad  since  my  leaving  the  harbour,  that 
examining  these  islands  occupied  me  till  the  2nd  of  April,  on  which  day 
I  again  anchored  in  New  Plymouth,  having  been  several  days  without  a 
boat  on  the  cutter,  and  under  considerable  anxiety  for  those  that  were 
away.  On  my  return  the  mate  told  me  he  had  been  under  great 
apprehensions  for  the  vessel,  as  the  swell  had  set  into  the  harbour  very 
heavy  a  few  days  before.  We  now  set  about  fitting  both  vessels  for  sea, 
the  cutter  I  intended  sending  to  England,  and  to  proceed  with  the  TSila 
to  the  nearest  sperm  ground,  which  together  with  watering,  etc.,  detained 
us  till  the  10th,  when  I  had  everything  in  readiness.  For  several  days 
back  the  wind  had  been  very  strong  from  the  N.W.,  N.E.,  and  sometimes 
from  the  southward,  which  brought  in  occasionally  a  considerable  swell 
to  the  anchorage.  At  the  same  time  the  breakers  between  Low  Island 
and  Bagged  Island  were  terrific,  and  on  the  opposite  side  of  the  sound. 
On  this  day  the  swell  increased  very  much,  owing  to  the  wind  suddenly 
shifting  from  N.W.  to  N.E.,  which  appeared  to  set  the  swell  immediately 
into  this  anchorage  from  the  opposite  side  of  the  sound.  At  7.30  the 
Tfda  struck  abaft  I  immediately  veered  away  the  inshore  cable,  and  hove 
on  the  starboard  one,  but  the  vessel  still  continuing  to  strike  both  fore 
and  aft,  I  let  go  the  sheet  anchor  and  again  hove  in  on  the  inshore  cable 
in  hopes  to  shoot  her  ahead.  She  now  remained  some  minutes  without 
striking,  and  I  was  in  hopes  the  danger  was  over,  but  the  swell  coming 
in  still  heavier  and  the  water  falling,  she  began  to  strike  still  heavier, 
and  the  rudder  was  carried  away  from  the  stem  post ;  finding  now  that  I 
could  not  do  anything  more  for  the  safety  of  the  vessel,  I  next  turned 
my  thoughts  to  the  safety  of  the  crew;  and  at  10  p.m.,  after  securing 
the  rudder  in  the  best  way  I  could,  and  after  embarking  the  crew  in  the 
boats  to  be  sent  aboard  the  cutter  with  much  difficulty,  I  found  it 
necessary  to  abandon  the  vessel  for  the  present,  and  proceeded  with  the 
people  on  board  the  cutter.  During  all  this  time,  from  the  best  soundings 
we  could  get,  we  never  had  less  than  4j^  fathoms  of  water,  and  the 
vessel  not  drawing  more  than  10  feet  water  forward,  the  dip  of  the  swell 
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oonld  not  be  less  than  17  feet ;  indeed  it  was  so  great  that  that  added  to 
the  breakers  made  it  extremely  diffioolt  to  get  at  the  boats.  At  12  p.m. 
I  observed  the  Tula  laying  athwart  the  tide.  The  wind  having  shifted 
to  the  northward  I  immediately  went  on  board  again,  and  fonnd  her 
dear  of  the  ground,  bnt  labouring  very  heavily  by  her  laying  across  the 
swell ;  bnt  on  sounding  the  pumps  found  she  had  made  no  water.  I  now 
endeavoured  to  ship  the  rudder,  but  from  the  violence  of  the  sea  was 
obliged  to  secure  it  again.  During  the  whole  of  this  day  the  swell  con- 
tinued very  high,  and  I  sent  some  provisions  on  shore  to  prepare  for  the 
worst ;  and  as  the  vessel  had  drifted  a  little  off  shore,  I  lifted  the  sheet 
anchor  and  let  it  go  further  in  shore,  and  also  let  go  the  stream  and 
towline.  The  vessel  now  lay  in  5  fathoms  water,  with  the  wind  at 
aw.  and  W. 

April  12. — The  swell  getting  up  very  fast,  and  the  weather  showing 
a  most  threatening  appearance,  I  secured  the  chronometers  in  the  best 
way  I  oould,  and  at  2  p.m.  went  on  shore  with  part  of  the  crew,  the 
remainder  preferring  to  go  on  board  the  cutter.  All  this  afternoon  I 
watched  the  brig  with  the  greatest  anxiety.  The  cutter  also  seemed  in 
a  very  dangerous  situation.  At  5  p.m.  I  observed  the  breakers  making 
a  dean  breach  over  the  Tula*a  stem,  it  being  then  a  weather  tide. 

April  13. — On  the  morning  of  the  13th,  the  sea  being  somewhat  more 
calm,  I  went  on  board  again,  and  found  that  the  vessel,  to  all  appearance, 
had  not  struck  during  the  night.  After  several  attempts  to  ship  the  rudder 
without  success,  I  got  it  on  deck  and  found  all  the  pintles  broken. 
During  the  whole  of  this  day  we  were  employed  fitting  heel  ropes  and 
otherwiae  getting  the  rudder  in  order,  and  at  4  p.m.  of  the  14th  it  was 
ready.    At  6  p.m.  it  was  shipped. 

April  15. — On  the  15th,  wind  S.W.  to  W.S.W.  Having  four  anchors 
to  take  up  and  most  of  the  chains  foul,  it  was  late  in  the  afternoon 
before  we  were  fairly  under  weigh.  At  6  p.m.  cleared  the  Start  Point. 
Had  this  misfortune  not  happened  I  had  still  some  hopes  of  making  a 
tolerable  voyage.  But  the  rudder  being  in  this  state  renders  it  absolutely 
necessary  to  make  for  some  port  (the  nearest  of  course)  where  there  is  a 
probability  of  refitting  it  Besides  this  all  my  boats  are  much  shattered, 
and  one  five-oared  boat  entirely  lost,  with  oars,  mast,  etc. 

AprU  29. — On  the  29th  we  arrived  at  Berkeley  Sound  after  a  very 
rough  passage,  the  winds  hanging  much  to  the  N.W. 
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Discoveries  in  the  Antarctic  Ocean,  in  February,  1839. 

EXTBAGTED    FROM   THE    JOURNAL    OF    THE     SCHOONER    *  EUZA    SOOTT,' 
COMMANDED     BT    Mb,    JohN     BaLLENT,    OOMMUNICATED     BT    CbARLBS 

Enderbt,  Esq.* 

Balleny  Islands  and  Sabrina  Land. 

Those  who  take  an  interoBt  in  Antarctio  discovery  will  remember  that 
in  the  years  1831-2  Mr.  John  Bisooe,  R.N.,  in  command  of  the  jTuIo,  a 
brig  belonging  to  the  Messrs.  Enderby  of  London,  discovered  two  portions 
of  land,  about  110°  of  longitude  apart,  in  the  parallel  of  the  Antarctic 
Circle,  which  wore  respectively  named  Graham  Land  and  Enderby  Land. 
In  the  following  year  Mr.  Biscoe  was  again  despatched  by  these  spirited 
owners,  but  the  vessel  was  wrecked.  Nothing  discouraged  by  this 
failure  and  by  the»heavy  loss  already  incurred,  Messrs.  Enderby,  in  oon- 
junction  with  some  other  merchants,  determined  on  another  South  Sea 
sealing  voyage,  giving  special  instructions  to  the  commander  of  the  expe- 
dition that  he  was  to  lose  no  opportunity  of  pushing  as  far  as  he  could 
to  the  south,  in  hopes  of  discovering  land  in  a  high  southern  latitude. 

The  schooner  Eliza  Scott,  of  154  tons,  commanded  by  Mr.  John 
Balleny,  and  the  dandy-rigged  cutter  Sahrina,  of  54  tons,  Mr.  H. 
Freeman,  master,  the  vessels  selected  for  this  purpose,  having  three 
chronometers  on  board,  and  well  equipped  with  whatever  appeared 
requisite  or  desirable  on  such  an  enterprise,  sailed  from  the  port  of 
London  on  the  16th  July,  1838. 

Sighting  the  island  of  Madeira,  the  two  vessels  crossed  the  equator 
in  22°  40'  W.  longitude,  touched  at  the  island  of  Amsterdam,!  and  on  the 
3rd  December  anchored  in  Chalky  Bay  near  the  south-western  angle  of 
the  southern  island  of  New  Zealand,  or,  as  named  by  the  natives,  Tawaf 
Poenammii. 

*  Reprinted  from  the  JowmaX  of  the  HoycU  Oeographieal  Society,  1839,  p.  517. 

t  Amsterdam  Island  has  been  confounded  in  most  English  charts  with  the  island 
of  St.  Paul,  which  lies  nearly  in  the  same  meridian,  but  about  60  miles  farther  south. 
These  islands,  it  is  believed,  were  discovered  by  Vlaming  in  1696 ;  and  from  the  aocount 
of  his  voyage  given  in  Valentyn's  Oud  en  Nieuw  Oo9t  Indien,  vol.  iv.  p.  69,  we  leam  that 
in  November  and  December  of  that  year  the  Dutch  navigator  visited  and  landed  on  both 
the  islands,  applying  the  name  of  Amsterdam  to  the  more  northern.  In  October  1SS7, 
Oaptain  Wickham,  in  Her  Majesty's  ship  Beagle,  determined  the  position  of  the  northern 
island  to  be  in  lat  37°  62',  south  long.  77°  86'  E.,  var.  21°  W. ;  elevation  2760  feet :  this 
position  is  within  4  miles  of  the  latitude  of  Amsterdam  Island,  as  given  by  Vlaming 
and  D'Entrecahteaux. — Ed.  Journ.  Roy,  Qeogr.  8oe. 
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Daring  the  whole  month  of  December,  the  midsammer  of  these  lati- 
tndes,  the  weather  here  was  very  stormy,  with  heavy  rain,  but  the 
Tessels  laid  secure  in  Port  Chalky,  or  Port  Souta,  an  excellent  harbour, 
rather  more  than  3  miles  long  by  1  broad,  on  the  south-eastern  side  of 
(Thalky  Bay,  and  were  fully  occupied  in  refitting,  watering,  etc.,  and 
making  every  preparation  for  their  sealing  voyage  to  the  Frozen  Ocean. 
In  speaking  of  Chalky  Bay,  Captain  Balleny  says  : — 

**  When  about  5  or  6  miles  to  the  westward  of  Cape  West,  one  sees 
the  white  diffis  of  Chalky  Island  lying  near  the  middle  of  the  entrance ; 
76t  the  difib  are  not  of  chalk,  as  might  be  supposed  from  the  name,  but 
of  hard  white  rock.  In  running  down  to  the  S.S.E.  from  Cape  West 
jou  see  the  Table  Bock  (always  from  10  to  12  feet  above  water)  broad 
on  the  starboard  bow.  Now,  by  the  plan  of  Chalky  Bay,*  given  to  me 
before  my  departure  from  England  by  Captain  Washington,  Secretary 
to  the  Oeographical  Society,  when  2  miles  o£f  Cape  West  the  Table 
Bock  appears  shut  in  with  the  south  point  of  Chalky  Island,  whereas 
it  should  be  placed  more  than  a  mile  farther  west,  or  bearing  S.S.W., 
and  not  S.E.,  of  the  south  point  of  the  island.  South-easterly  from  the 
Table  Bock  extends  a  very  dangerous  reef,  on  which  the  sea  in  bad 
weather  breaks  furiously,  and  at  the  southern  extremity  is  a  rock  always 
above  water :  this  reef,  about  a  mile  long,  extends  directly  across  the 
entrance  of  Chalky  Bay,  so  that  all  ships  ought  to  make  Cape  West  • 

^  There  is  no  hidden  danger  in  beating  up  the  bay,  but  the  soundings 
laid  down  are  all  imaginary :  there  are  no  soundings  till  within  a  few 
yaids  of  the  rocks.  I  worked  up  the  bay  with  the  deepnsea  lead  going 
aU  the  way,  and  I  never  yet  struck  the  bottom.  Only  twice  the 
schooner's  length  from  the  rocks,  abreast  of  the  cascade  in  Deep  Bay  or 
Cunaris  Arm,  we  had  an  up  and  down  cast  with  80  fathoms  and  no 
bottom,  yet  it  is  marked  on  the  chart  10  and  7.  The  entrance  into 
Port  North  is  narrow  but  deep,  and  at  the  top  shoals  till  there  is  scarce 
water  for  a  boat.  Edwardson's  Arm  forms  a  splendid  harbour.  Port 
Chalky  or  Port  Souta,  on  the  south  side  of  Chalky  Bay,  is  the  harbour 
geaenJly  used  by  ships  visiting  this  part  of  New  Zealand.  In  the 
entrance,  and  nearly  in  the  middle,  but  rather  nearer  Garden  Island,  is 
a  xodk  just  visible  at  high  water.  Looking  up  Port  Chalky,  the  first 
bight  or  bend  of  the  land  on  the  left  is  called  Ship  Cove,  and  off  the 
pdnt,  where  10  fathoms  are  marked,  a  reef  runs  up  the  harbour  nearly 
eiie*third  across  the  cove.  The  Eliza  Scott's  anchor  was  let  go  in 
8  fiithoma,  and  when  she  swung  she  struck  on  the  reef:  about  three 
tines  the  dip's  length  from  the  reef  we  had  22  fathoms.  In  mid- 
<<M«''if>^  are  marked  8,  7,  6  and  3  fathoms.    Now  the  fact  is,  that  in 

*  A  oopf  of  the  plan  giyen  in  Admiial  Dnperrey's  'Atlas  of  the  Voyage  of  the 
Onsflfii/  eompiled  by  the  lamented  M.  de  BlosseTllle  from  information  obtained  at 
Syiafly  fimn  Captain  Edwardaon  and  the  commanders  of  some  English  merchant  ships. 
te  also  the  *  AnwftW  des  Voyagee,'  vol.  xxix. — Ed.  Joum.  Boy,  Oeogr.  8oc. 
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mid-channel  are  35,  25,  22, 18,  15,  and  a  short  cable's  length  from  the 
beach  8  and  9  fathoms.  The  cutter  SahrifM  at  one  time  rode  dose  to 
the  beach  at  the  top  of  the  harbonr,  and  had  3  fJEtthoms  under  the  stem. 
The  ground  is  good.  The  passage  between  Gkurden  Island  and  the  main 
is  merely  a  boat  passage,  and  full  of  rocks.  There  is  not  a  vestige  of 
a  hut  in  Port  Chalky.  Preservation  Bay,  to  the  south  ward*  is  a  pie* 
turesque  spot,  full  of  islands  and  covered  with  wood :  the  beauty  of  the 
scenery  can  hardly  be  described,  but  anchoring  places  are  difficult  to 
find,  the  water  is  so  deep.  The  soil  is  good;  most  garden-roots  and 
seeds  grow  well,  and  rye-grass  admirably.  The  plans  of  Chalky  Bay 
and  harbour  are  good,  with  the  exceptions  already  mentioned;  there 
are  no  inhabitants  on  this  part  of  the  island ;  the  ground  being  covered 
with  wood  produces  myriads  of  flies  of  a  very  poisonous  description  ;  the 
bite  of  a  mosquito  is  not  to  be  compared  to  it  for  severity  and  effect ;  it 
is  a  small  black  fly  with  a  deep  blue  tinge.  I  saw  no  wild  animals  except 
rats.  The  tide  here  rises  about  6  feet,  and  it  is  high  water  at  full  and 
change  at  11  o'clock." 

Jan,  7, 1839. — Sailed  for  the  southward;  on  the  11th  anchored  in 
Perseverance  Harbour,  Campbell  Island,  where,  by  a  curious  ooinoi- 
denco,  they  met  with  Mr.  John  Biscoe,  E.N.,  in  command  of  the  .Emma, 
on  a  scaling  voyage.  On  the  17  th  again  made  sail  to  the  south- 
eastward ;  on  the  19  th,  in  lat.  54"^,  with  the  weather  calm  and  fine, 
the  Aurora  Australis  was  very  brilliant.  On  the  23rd,  in  lat.  59^  16', 
long.  173°  20'  E.  of  Greenwich,  the  indications  of  the  vicinity  of  land, 
as  largo  quantities  of  seaweed,  divers,  mutton-birds,  etc.,  were  so  strong, 
that,  the  weather  being  very  thick,  the  vessels  were  hove  to.  On  the 
following  day  they  passed  the  branch  of  a  tree,  but  as  it  cleared  neither 
land  nor  ice  were  in  sight,  and  they  continued  standing  to  the  8.S.E. 
till  the  27th,  when  in  lat.  63°  37',  long.  176°  30'  E.,  they  crossed  Captain 
Bellingshausen's  route  of  the  Russian  corvette,  the  Voatohy  in  December, 
1820,  and  here  saw  their  first  iceberg.  Continuing  to  the  southward, 
over  the  very  spot  where  compact  ice  had  forced  the  Bussian  navigator 
to  alter  his  course  to  the  eastward,  the  vessels,  on  the  28th,  reached  their 
extremf^  eastern  longitude,  namely,  178°  13' E.;  and  on  the  following 
evening,  in  the  parallel  of  66°  40',  and  long.  177°  50',  the  variation 
observed  by  azimuth  was  28°  E.  At  this  time  field-ice  bounded  their 
southern  horizon,  and  numerous  large  icebergs  were  in  sight.  At  sun- 
set on  the  30th,  in  lat.  67°  and  long.  176°,  the  variation  observed  by 
amplitude  was  found  to  be  33°  25'  K  They  were  now  surrounded  by 
icebergs  and  small  drift-ice ;  the  wind  during  the  last  week  had  becoi 
constantly  from  the  westward,  varying  from  N.W.  to  S.W. 

At  noon,  on  the  Ist  of  February,  the  sun  broke  out  and  the  weather 
cleared — latitude  by  observation  68°  45'.  At  this  time  no  ice  was  in 
sight  from  the  mast-head,  and  they  stood  to  the  southward  with  a  firesh 
breeze  till  3  p.m.,  when  they  found  themselves  near  the  edge  of  a  large 
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body  of  paoked  ioe,  and  were  obliged  to  taok  to  the  northward  to 
avoid  it.  This,  then,  was  their  extreme  sonth  point,  as  they  had  now 
leached  the  parallel  of  69''  in  long.  172''  11'  E.,  full  220  miles  to  the 
Boathward  of  the  point  which  BeUingsbansen  had  been  able  to  attain 
aboat  this  meridian :  thus  adding  one  proof  more  that  ioe  in  these 
regions,  even  in  the  immediate  neighbourhood  of  land,  is  very  far  from 
stationary. 

Feb,  2. — Still  embayed  in  field-ioe ;  the  variation  this  afternoon  in 
lai  68%  long.  ITl''  30',  was  found  to  have  increased  to  36''  E.  On  the 
5th  observed  the  water  to  be  much  discoloured,  and  many  feathers 
floating.  Saw  several  whales,  sea-leopards,  and  penguins.  Gradually 
working  to  the  N.W.  to  clear  the  ice,  against  a  strong  westerly  wind, 
which,  contrary  to  the  received  opinion,  was  found  to  prevail  in  these 
high  latitudes. 

Fib,  6. — This  morning  commences  with  light  winds  and  thick 
weather.  At  noon,  more  clear ;  heard  the  surf  to  leeward.  About  half- 
past  12  it  cleared  a  littie,  when  we  found  we  were  in  a  deep  bay, 
formed  by  what  evidentiy  appeared  to  be  barrier-ice  and  close  to  it. 
As  we  proceed  west  the  ice  appears  to  lie  more  to  the  northward. 
Tacked  ship  to  N.N.W. ;  very  little  wind  from  west,  and  thick  fog. 
The  water  had  been  very  dirty  all  day,  with  a  great  many  feathers. 
Latitude,  noon,  by  account  67''  37',  long,  by  account  164°  54';  wind 
west;  thermometer  37°. 

Feb.  7. — ^fiegins  and  continues  to  the  end,  light  winds  and  very  thick 
with  dirty  gpreen-looking  water.  At  noon,  lat.  67°  7',  long.  165°  5' ;  wind 
west ;  thermometer  38°. 

Feb.  8. — This  morning  light  winds  and  thick  weather.  At  2  a.m. 
heard  the  roar  of  surf  At  3  passed  a  large  berg  of  ice  close  to  us ; 
saw  a  young  seal.  No  observations  this  day.  At  noon,  latitude  by 
aooount  66°  44',  longitude  by  account  165°  4';  wind  N.E. ;  thermo- 
meter 41% 

Feb.  9. — This  morning  thick  fog ;  passed  a  great  many  icebergs  and 
saw  a  great  many  penguins.  At  8,  clear ;  steering  west  by  compass,  got 
sights  for  my  chronometers,  which  gave  the  ship  by  the  Port  Chalky 
rate  in  longitude,  164°  29'  E."^  At  11  a.m.  noticed  a  darkish  appear- 
ance to  the  S.W. ;  observed  the  latitude  to  be  66°  37'  S.,  by  meridian 
altitude;  wind  north.  At  noon  the  sun  shone  brightly ;  saw  the  ap- 
peanmoe  of  land  to  the  S.W.,  extending  from  west  to  about  south — 
rui  for  it.  At  4  made  it  out  distinctly  to  be  land.  At  8  p.m.  (having 
nm  aw.  22  miles)  got  within  5  miles  of  it,  when  we  saw  another  piece 
pf  land  of  great  height,  bearing  W.  by  S.  At  sunset  we  distinctly  made 
tham  out  to  be  three  separate  lands  of  good  size,  but  the  western  one 
the  longest.    Lay-to  all  night  off  the  middle  island. 


•  The  imte  obtained  at  Port  Chalky  is  used  throughout ;  the  London  rate  would  give 
1°  40*,  or  40  miles  distance  in  this  latitude  farther  eaat— Bo.  Joum,  Boy*  Geogr.  Soc. 
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Feb.  10. — A  2  a.m.  bore  up  for  it,  ran  throngh  a  considerable  quantity 
of  drift-ice  and  got  within  half  a  mile,  but  found  it  completely  ioe-bouod, 
with  high  perpendicular  cliflfo.  I  wished  to  run  between  the  middle  and 
western  island,  but  was  compelled  to  come  out  to  the  eastward  again,  as, 
from  the  western  island  to  the  eastern  one  on  the  west  (or  rather  S.W.) 
side,  the  sea  was  in  one  firm  and  solid  mass  without  a  passage.  The 
weather  at  sunrise  was  very  threatening.  At  6  it  came  on  thick,  since 
when  we  have  been  compelled  to  stand  ofif.  I  make  the  high  bluff 
western  points  of  the  middle  island  to  be  in  latitude  66^  44'  S.,  longi- 
tude 163°  11'  E.  A  lunar  at  2  o'clock  agrees  with  the  Port  Chalky 
time.  Temperature  at  noon,  42°;  wind  east;  the  weather  con  tinning 
moderate,  but  very  thick,  to  the  end. 

Feb.  11. — Thick.  At  1  a.m.  had  to  hoist  out  a  boat  to  tow  the 
vessel  clear  of  an  iceberg  which  we  were  close  to  but  coxdd  not  see,  and 
no  wind.  At  11  a.m.  cleared,  and  saw  the  land  bearing  about  W.S.W. 
and  of  a  tremendous  height,  I  should  suppose  at  least  12,000  feet,  and 
covered  with  snow.  At  noon  we  had  a  very  indifferent  observation, 
which  gave  the  latitude  66°  30',  and  it  immediately  came  on  thick ; 
wind  N.  W. ;  temperature  42°. 

Feb,  12. — This  morning  the  weather  clears  and  thickens  occasionally. 
At  2  a.m.  saw  the  land  bearing  S.S.E.  about  10  miles.  The  west  point 
of  the  west  island  bore  W.N.W.  At  8  land  completely  ice-bound.  At 
noon,  temperature  35° ;  tacked  and  worked  in  shore  for  harbour  or  beach. 
At  4  p.m.  abreast  of  the  small  island ;  the  eastern  island  now  at  a  differ- 
ent bearing  appeared  a  large  one ;  latitude  by  account  66°  22',  longitude 
163°  49'  E.  At  6  p.m.  went  on  shore  in  the  cutter's  boat,  at  the  only 
place  likely  to  afford  a  landing ;  but  when  we  got  close  with  the  boat 
it  proved  only  the  drawback  of  the  sea,  leaving  a  beach  of  3  or  4  feet 
at  most.  Captain  Freeman  jumped  out  and  got  a  few  stones,  but  was 
up  to  the  middle  in  water.  There  is  no  landing  or  beach  on  this  land ; 
in  fact,  but  for  the  bare  rocks  where  the  icebergs  had  broken  from,  we 
should  scarce  have  known  it  for  land  at  first,  but,  as  we  stood  in  for  it, 
we  plainly  perceived  smoke  arising  from  the  mountain  tops.  It  is 
evidently  volcanic,  as  the  specimens  of  stone,  or  cinders,  will  prove. 
The  cliffs  are  perpendicular,  and  what  in  all  probability  would  have 
been  valleys  and  beaches  are  occupied  by  solid  blocks  of  ice.  I  could 
not  see  a  beach  or  harbour,  or  anything  like  one.  Betumed  on  board 
at  7,  and  got  the  vessels  safely  through  the  drift-ice  before  dark,  and 
ran  along  the  land. 

Feb,  13. — Light  winds  from  the  southward  and  cloudy  weather,  with 
much  ice  around.  At  8 .  30,  a  fog  coming  on,  took  the  bearings  of  the 
centre  of  the  land  S.S.W.,  distant  16  leagues  by  the  log.  Numerous 
whales  and  penguins  in  sight,  also  a  few  Cape  pigeons  and  a  small  white 
bird,  but  no  albatrosses  nor  mollymawks.  Tried  for  soundings  severa 
times,  at  the  distance  of  6,  8  and  10  miles  from  the  land,  but  got  no 
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bottom.  At  noon,  latitnde  by] 
Moonnt  66°  45',  longitude 
164°  51',  wind  S.,  thermometer 
37° ;  ftlteied  the  oouree  to  N-W. 

tM.--  Thick  fog.  Saw  many 
iriialea  and  seals,  and  both  ice- 
bergs and  drift-ice.  At  mid- 
ni^t,  light  variable  winds  and 
olondy  dark  weather. 

Thia  was  the  last  time  that 
the  land,  now  appropriately 
named  the  Balleny  Islea,  was 
seen.  The  group  ooaaiets  of  five 
iilands,  three  large  and  two 
■mall,  the  highest  of  which, 
named  Young  *  Island,  was  esti- 
mated by  Captain  Balleny,  as 
well  aa  by  bis  mates,  at  12,000 
feet  above  the  sea.  It  rises  in 
a  beautifal  peak,  which  may  be 
called  Peak  Freeman,  as  being 
on  the  island  on  which  the 
oonunandeT  of  the  cutter  Sabrina 
landed. 

When  at  the  distance  of  from 
8  to  10  mUee  from  the  oeutm 
island,  with  the  extremes  of  the 
laud  bearing  from  west  rotrnd 
southerly  to  east  by  south,  the 
ftooompanying  sketch  was  made 
l^Hr.  John  MoNab,  second  mate 
of  the  schooner.  The  outline  of 
the  islands  is  evidently  vulcanic, 
and  the  smoke  which  arose  from 
the  seoond  island  to  the  east,  or 
Bookie  Island,  and  the  stones 
bronght  away  from  Toung 
Igluid  by  Mr.  Freeman,  which 
prove  to  be  scorite  and  basalt, 
with  crystals  of  olivine,  leavo  no 
doubt  on   the  subject.    These, 

*  ThsM  Isluidi  and  peaki  arc 
naned  napeotiTdy  afler  Kemtn.  G.  F. 

J,  W.  BofiadaUs,  J.  W.  Bacile.  T.  Stnrge,  W.  Brown.  J.  Row,  and  W.  Bealc,  the 
]»  wlio  nntted  w[th  Ur.  Bndcrb;  id  sending  nut  tliU  fxpeditiun. 
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then,  are,  with  the  exception  of  that  discoyered  by  Bellingshausen  in 
69^  S.,  the  most  southerly  volcanoes  known.  The  easternmost,  or  Stnrge 
Island,  rises  also  to  a  peak,  named  Brown's  Peak,  bnt  is  not  half  the 
height  of  the  former.  Immediately  off  the  eastern  end  of  the  centre,  or 
Borradaile  Island,  is  a  remarkable  pinnacle  of  rock,  called  Beale  Pinnade, 
which  is  described  as  rising  like  a  tall  lighthouse  from  the  waters.  The 
westernmost,  or  Bow  Island,  is  low,  and  offers  no  remarkable  feature. 

Feb,  14. — Continued  working  to  the  N.N.W.  against  a  firesh  northerly 
breeze,  which  on  the  following  day  fell  light  and  variable.  On  the  16th 
it  freshened  up  from  the  NJT.E.,  and  at  noon  this  day  they  had  reached 
as  far  north  as  68°  15',  and  were  only  about  50  miles  distant  to  the  south- 
ward of  the  track  of  Bellingshausen,  in  1820,  when  he  first  crossed  that 
parallel.  We  may  here  notice  also  that  the  group  of  the  Balleny  isles 
lie  only  145  miles  distant,  in  a  S.W.  direction,  from  th^  point  at  which 
the  Hussian  navigators  crossed  the  parallel  of  65°,  and  that,  if  the 
weather  was  very  clear  (an  improbable  case  in  these  latitudes),  the  lofty 
peak  of  Young*s  Island  might  possibly  have  been  visible  on  the  utmost 
verge  of  the  south-western  horizon  from  the  mast-head  of  the  Vosioh, 

Taking  advantage  of  a  fine  breeze  and  a  clear  sea,  the  vessels  now 
ran  rapidly  for  170  miles  to  the  S.W.,  till  the  weather  becoming  foggy 
obliged  them  to  heave  to  till  the  morning  of  the  18th,  when  it  deared 
up,  and,  finding  no  ice  in  sight,  they  again  stood  to  the  southward ; 
latitude  at  noon,  64°  32'.  Captain  Balleny  remarks  that  he  had  observed 
a  clear  sea  generally  between  the  barriers  of  ice,  and  about  2°  to  the 
south  of  it.  After  a  day's  variable  wind,  with  snow  and  sleet,  the  breeze 
gradually  freshened  from  the  east  into  a  fresh  gale,  which  carried  them 
rapidly  to  the  westward ;  numerous  fiocks  of  mutton-birds,  and  about 
thirty  whales,  were  seen,  but  only  one  iceberg.  On  the  22nd,  at  noon, 
the  latitude  observed  was  63°  30',  longitude  141°  13'  thermometer  38°, 
temperature  of  water  34°.  In  the  afternoon  an  azimuth,  with  the  ship's 
head  west,  gave  the  variation  17°  52'  E.  The  two  following  days  con- 
tinued to  the  westward  against  a  westerly  wind,  which  on  the  25th 
freshened  from  the  east  with  snow  and  sleet ;  saw  immense  flocks  of 
birds  flying  from  the  N.E.  to  the  S.S.W.,  many  whales  and  porpoises 
and  a  few  icebergs.  On  the  27th,  at  noon,  the  observed  latitude  was 
64°  37',  longitude  130°  32'  E.,  thermometer  35°,  temperature  of  water 
34°.  An  amplitude  at  sunset,  with  the  ship's  head  N.W.,  gave  the 
variation  14°  54'  W ;  thus,  in  the  difference  of  11?  of  longitude,  or  a 
distance  of  about  250  miles  in  this  parallel,  the  variation  had  changed 
32°  45',  or  nearly  three  points. 

"  JKbrcA  1. — With  a  steady  breeze  from  the  S.E.  continued  standing 
to  the  westward — passed  several  icebergs,  and  numerous  flocks  of  pen- 
guins, petrels,  and  mutton-birds. 

"  March  2,  a.m. — Squally  from  the  S.E.,  with  snow  and  sleet.  At  8 
cleared  off  a  little.     At  noon,  latitude  observed,  64°  58',  longitude  121°  8', 
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thermometer  85^  p.if .,  strong  winds,  and  showers  of  snow  and  sleet ; 
saw  a  great  many  birds.  At  8,  the  water  becoming  smooth  all  at  once, 
shortened  sail  and  hove-to.  Saw  land  to  the  southward,  the  vessel 
soRoimded  by  drift-ice.     At  midnight  strong  breezes  with  snow. 

**  March  3,  a.m. — Found  the  ice  closing  and  becoming  more  compact ; 
stood  through  the  drift-ice  to  the  southward.  At  8  found  ourselves 
surroimded  by  icebergs  of  immense  size ;  to  the  S.W.  the  ice  was  quite 
fast,  with  every  appearance  of  land  at  the  back  of  it,  but,  the  weather 
coming  on  thick,  were  obliged  to  steer  to  the  northward  along  the 
edge  of  the  pack.  At  noon,  latitude  by  observation  65°  10',  longitude 
117°  4'.  P.M.,  fresh  breezes  from  the  S.S.E.  and  clear ;  numerous  icebergs 
insight 

**  March  4.— Moderate  and  cloudy  weather.  At  5  hauled  to  the 
westward ;  several  icebergs  in  sight,  and  a  great  many  birds  and  whales. 
At  noon,  wind  increasing,  with  a  heavy  sea  from  the  N.W.  Latitude  by 
observation  68°  56';  longitude  by  chronometer,  at  4  p.m.,  115°  30'.  At 
sunset,  found  the  variation  by  amplitude,  with  the 'ship's  head  N.E.,  to 
be  44°  11'  W.  At  9,  being  surrounded  by  icebergs,  with  thick  weather 
and  heavy  snow  squalls,  hove  the  ship  to  for  the  night." 

The  two  following  days  continued  standing  to  the  N.W.,  with  vari- 
able winds.  At  sunrise  on  the  morning  of  the  6th,  in  latitude  62°  40', 
longitude  164°,  the  variation  by  amplitude,  with  the  ship's  head  to  the 
N-N.W.,  was  found  to  be  42°  21'  W.  During  the  next  four  days,  stormy 
weather,  with  snow  and  sleet  from  the  N.E. ;  stood  to  the  N.W.  when- 
ever the  numerous  icebergs  would  allow  the  vessels  to  run.  At  midnight 
on  the  10th,  in  latitude  61°  20',  the  Aurora  Australis  shone  with  great 
splendour.  The  following  day  was  very  fine,  with  the  wind  from  the 
N.NJi. ;  innumerable  icebergs  in  sight.  In  the  afternoon,  in  latitude 
61°  27',  longitude  105°  30',  the  variation  by  azimuth  was  found  to  be 
84*'80'W. 

During  the  next  few  days  the  vessels  slowly  made  their  way  to  the 
WJf.W.,  constantly  surrounded  by  icebergs;  saw  whales,  penguins, 
several  sea-birds  and  one  albatross,  the  first  seen  since  leaving  Campbell 
Island ;  this  occurred  in  latitude  61°  30'.  May  this  be  the  southern 
limit  of  the  range  of  this  bird,  probably  the  wandering  albatross,  which 
was  seen  by  Mr.  F.  D.  Bennett  as  far  north  as  latitude  38°  S.  off  the 
coast  of  Brazil.* 

March  13. — ^Light  variable  winds  from  the  eastward ;  surrounded  by 
icebergs;  in  latitude  61°,  longitude  103°  40',  passed  ^  of  a  mile  of  an 
iceberg  about  300  feet  high,  with  a  block  of  rock  attached  to  it.  .  .  . 

He  describes  the  rock  as  a  block  of  about  12  feet  in  height,  and  about 
one-third  up  the  berg.  It  is  unnecessary  here  to  make  any  observation 
upon  this  very  remarkable  fact,  as  Mr.  Charles  Darwin  has  appended  a 
note  to  these  extracts,  pointing  out  the  value  of  such  an  evidence  of  the 

*  Joamal,  vol.  yilL  p.  211. — Ed.  Joum,  Ray.  Geogr,  8oo. 
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transporting  power  of  ice.*  We  will,  therefore,  only  add  tiiat  this  ice- 
berg was  distant  1400  miles  from  the  nearest  certainly  hnoum  land,  namely, 
Enderby's  Land,  which  bore  W.S.W.  of  it.  But  it  is  highly  probaUe, 
from  the  compact  nature  of  the  ice,  etc.,  that  land  extends  between  the 
parallels  of  66°  and  68°  S.,  in  which  case  the  iceberg  would  not  be  distant 
above  300  miles  from  this  supposed  land.  The  appearance  of  land  seen 
by  Captain  Balleny  on  the  3rd  of  March,  as  above  mentioned,  bore  from 
the  iceberg  E.S.E.,  distant  450  miles. 

On  the  following  day  the  two  vessels  crossed  the  track  of  our  great 
circumnavigator  Cook  in  1773,  and  continuing  to  the  north-westward, 
they  on  the  18th,  in  latitude  58°,  longitude  95°  15',  crossed  the  route  of 
Bellingshausen  in  1820.  On  the  21st,  in  latitude  55°,  the  autumnal 
equinox  of  these  latitudes  was  rendered  brilliant  by  a  magnificent 
display  of  the  Aurora  Australis.  Numerous  icebergs  in  sight,  with 
penguins  and  various  sea  birds.  They  now  crossed  Biscoe's  track  in 
April  1831,  being  the  third  of  the  parallel  routes,  all  running  to  the 
E.N.E.,  which  occur  here  within  about  5°  of  latitude ;  and  on  the  follow- 
ing day  encountered  a  strong  gale  of  wind  from  the  west,  with  a  heavy 
sea  running.  In  the  afternoon  of  the  24th  the  gale  had  much  increased. 
At  midnight  the  cutter  Sahrina  burnt  a  blue  light,  distant  1  mile  to  the 
S.S.E. ;  this  was  answered  immediately  with  another  by  the  schooner, 
but  the  sea  was  running  so  high  that  she  could  not  close  the  cutter. 

March  25. — Strong  gales  and  squally  weather,  the  vessel  labouring 
and  pitching  violently.  At  daylight,  says  Captain  Balleny's  journal, 
"  No  signs  of  the  poor  cutter  being  in  sight ;  I  trust  the  may  be  safe." 
At  9  a  heavy  sea  broke  on  board  the  schooner,  staving  both  boats,  and 
sweeping  everything  from  the  decks  and  laying  the  vessel  on  her  beam 
ends ;  for  ten  minutes  she  appeared  to  be  settling  in  the  water,  but  she 
gradually  righted,  and  on  sounding  the  well  did  not  appear  to  be  making 
much  water.  At  noon,  blowing  a  heavy  gale  from  the  west,  with  dark 
cloudy  weather.     Latitude  by  account,  52°  15' ;  longitude,  94°  15'  E. 

On  the  following  day  the  gale  moderated,  and  the  schooner  was 
enabled  to  stand  to  the  northward,  with  the  wind  from  the  N.W.  In 
latitude  49°  they  passed  a  quantity  of  seaweed,  and  were  surrounded 
by  numerous  penguins,  divers,  and  other  sea  birds.  On  the  1st  April  the 
Eliza  Scott  crossed  the  parallel  of  45°,  standing  towards  the  Mozambique 
channel ;  and  on  the  17th  September  again  reached  the  port  of  London, 
just  in  time  to  supply  another  Antarctic  expedition,  on  the  eve  of  its 
departure  from  England,  with  the  information  they  had  been  enabled 
to  obtain  of  a  newly-discovered  group  of  islands  in  the  South  Frozen 
Ocean. 

On  looking  at  Ihe  excellent  south  circumpolar  chart,  just  published 

*  See  Mr.  Muichiaon's  *  Silurian  Syatem,'  p.  541,  who  notioee  ihe  fceeaX  range  of  ice- 
bergs as  seen  by  Captain  Yemon  Haroourt,  B.N.,  in  latitude  50^  S.  Also  Mr.  Bennett^s 
voyage  in  the  *  Geographical  Journal,'  vol.  vii.  p.  212. 
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at  the  Hydrographic  Office,  it  will  be  seen  that  this  voyage  exactly  fills 
up  the  gap  of  about  80  degrees  of  longitude  within  the  parallel  of  60^ 
whidhy  on  a  former  occasion,  we  pointed  out  as  hitherto  not  sailed  over 
by  any  navigator.*  About  5  degrees  of  this  navigation  was  within  the 
polar  circle.  It  were  needless  to  recapitulate  here  the  several  voyages 
which,  combined,  have  effected  the  circumnavigation  of  the  globe  within 
the  parallel  of  60°,  as  a  glance  at  the  above-mentioned  chart,  showing 
even  the  track  of  this  voyage,  will  illustrate  it  far  better  than  any 
description ;  and  to  that,  then,  we  may  refer  all  those  who  take  an 
interest  in  the  subject. 

It  would  be  impossible  to  close  the  simple  but  apparently  faithful 
narrative  of  this  voyage  without  adverting  to  the  progress  made  in  dis- 
covery in  the  Southern  Seas  through  the  spirited  exertions  of  Mr.  Charles 
Enderby,  and  other  British  merchants,  so  honourable  to  the  commercial 
enterprise  of  our  country.  Graham  Land,  Enderby  Land,  Kemp  Land, 
and  now  the  Balleny  Isles,  are  all  discoveries  made  by  the  ships  belonging 
to  this  disinterested  and  praiseworthy  owner.  The  results  of  this  voyage 
must  tend  to  keep  alive  the  supposition  of  the  existence  of  either  a  great 
Bonthem  land  or  a  vast  mass  of  islands,  whose  northern  limits  would 
seem  to  range  between  the  67th  and  69th  parallels,  a  part  of  which  we 
trust,  ere  long,  to  see  laid  down  in  our  charts,  and  not  improbably 
rendered  subservient  to  the  interests  of  science,  if  not  to  the  prosperity 
of  our  fisheries.  Still  less  can  we  refrain  from  adverting  to  the  expedi- 
tion of  the  ErehuB  and  Terror,  commanded  by  Captain  James  Boss,  which 
has  recently  left  our  shores,  liberally  fitted  out  by  Her  Majesty's  govern- 
ment in  the  most  complete  manner,  for  scientific  purposes,  of  any  ships 
that  ever  sailed  from  Europe ;  and  it  is  gratifying  to  know  that  the 
voyage  of  the  Eliza  Scott  cannot  but  prove  useful  towards  the  success 
of  the  greater  expedition,  inasmuch  as  the  Balleny  Isles  are  situated 
eocaotly  on  the  eastern  verge  of  the  circle  traced  by  Captain  James  Boss 
on  his  ohart,  as  the  limit  within  which  he  hoped  to  find  the  southern 
magnetic  pole ;  and  thus  their  discovery  will  almost  insure  him  a  spot 
for  planting  his  instruments  at  one  of  the  places  most  desirable  for 
making  observations  on  magnetic  dip,  variation,  and  intensity. 

And,  although  this  latter  expedition  is  mainly  fitted  out  with  the 
object  of  deciding  the  great  problem  of  terrestrial  magnetism  in  the 
sonthem  hemisphere,  and  that  its  attention  will  be  chiefly  directed  to 
tlus  branch  of  physical  geography,  we  cannot  but  hope  that  it  may  also 
do  much  in  the  cause  of  Antarctic  discovery,  and  conclude  with  the 
earnest  wish  that  the  well-known  zeal  and  ability  of  the  gallant  com- 
mander may  be  crowned  with  success,  and  that  he  may  safely  return 
to  his  country  and  his  friends  to  receive  the  well-merited  reward  of  his 
tflQB  in  the  applause  and  esteem  of  all  civilised  nations. 

*  Letlar  to  the  President  of  the  Royal  Geographical  Society  on  Antarctic  Disooverj, 
1886,  p.  12. 
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Note  on  a  Rock  seen  on  an  Iceberg  in  61°  S.  Lat. 

By. Charles  Darwin,  Esq. 

Having  been  informed  by  Mr.  Enderby  that  a  biook  of  rook,  em- 
bedded in  ice,  had  been  seen  daring  the  voyage  of  the  schooner  Eliza 
Scott  in  tho  Antarctic  Seas,  I  procured  through  his  means  an  interview 
v^ith  Mr.  Macnab,  one  of  the  mates  of  the  vessel,  and  I  learnt  from  him 
the  following  facts  :  On  the  13th  of  March,  when  in  latitude  61°  S.,  and 
longitude  103°  40'  E.,  a  black  spot  was  seen  on  a  distant  iceberg,  which, 
when  the  vessel  had  run  within  a  quarter  of  a  mile  of  it,  was  clearly 
perceived  to  bo  an  irregularly-shaped  but  angular  fragment  of  dark- 
coloured  rock.  It  was  embedded  in  a  perpendicular  face  of  ice,  at 
least  20  feet  above  the  level  of  the  sea.  That  part  which  was  visible, 
Mr.  Macnab  estimated  at  about  12  feet  in  height,  and  from  5  to  6  in 
width;  the  remainder  (and  from  the  dark  colour  of  the  surrounding 
ice,  probably  the  greater  part)  of  the  stone  was  concealed.  He  made  a 
rough  sketch  of  it  at  the  time.  The  iceberg  which  carried  this  fragment 
was  between  250  and  300  feet  high. 

Mr.  Macnab  informs  me  that  on  one  other  occasion  (about  a  week 
afterwards)  he  saw  on  the  summit  of  a  low,  flat  iceberg  a  black  mass, 
which  he  thinks,  but  will  not  positively  assert,  was  a  fragment  of  rock. 
He  has  repeatedly  seen,  at  considerable  heights  on  the  bergs,  both 
reddish-brown  and  blackish-brown  ice.  Mr.  Macnab  attributes  this  dis- 
colouration to  the  continued  washing  of  the  sea ;  and  it  seems  probable 
that  decayed  ice,  owing  to  its  porous  texture,  would  filter  every  impurity 
from  the  waves  which  broke  over  it. 

Every  fact  on  the  transportation  of  fragments  of  rock  by  ice  is  of 
importance,  as  throwing  light  on  the  problem  of  "erratic  boulders," 
which  has  so  long  perplexed  geologists ;  and  the  case  first  described 
possesses  in  some  respects  peculiar  interest.  The  part  of  the  ocean  where 
the  iceberg  was  seen  is  450  miles  distant  from  Sahrina  land  (if  such  land 
exists),  and  1400  miles  from  any  certainly  known  land.  The  tract  of 
sea,  however,  due  south,  has  not  been  explored ;  but  assuming  that  land, 
if  it  existed  there,  would  have  been  seen  at  some  leagues*  dibtance  from  a 
vessel,  and  considering  the  southerly  course  which  the  schooner  Eliza 
Scott  pursued  immediately  prior  to  meeting  with  the  iceberg,  and  that  of 
Cook  in  the  year  1773,  it  is  exceedingly  improbable  that  any  land  will 
hereafter  be  discovered  within  100  miles  of  this  spot.  The  fragment  of 
rock  must,  therefore,  have  travelled  at  least  thus  far  from  its  parent 
source ;  and,  from  being  deeply  imbedded,  it  probably  sailed  many  mileA 
farther  on  before  it  was  dropped  from  the  iceberg  in  the  depths  of  the 
sea,  or  was  stranded  on  some  distant  shore.     In  my  journal,  during  the 
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voyage  of  H.M.S.  Beagle,  I  have  stated,  on  the  authority  of  Captain 
BiBooe,  that,  during  his  several  cmises  in  the  Antarctic  seas,  he  never 
once  saw  a  piece  of  rock  in  the  ice.  An  iceberg,  however,  with  a  con- 
siderable block  lying  on  it,  was  met  with  to  the  east  of  South  Shetland 
by  Mr.  Scrrell  (the  former  boatswain  of  the  Beagle)  when  in  a  sealing 
vessel.  The  case,  therefore,  here  recorded  is  the  second ;  but  it  is  in 
many  respects  much  the  most  remarkable  one.*  Almost  every  voyager 
in  the  Bouthem  Ocean  has  described  the  extraordinary  number  of  ice- 
bergs, their  vast  dimensions,  and  the  low  latitudes  to  which  they  are 
drifted.  HorsbUrgh  f  has  reported  the  case  of  several  which  were  seen 
by  a  ship  in  her  passage  from  India,  in  latitude  35^  55'  S.  If,  then,  but 
one  iceberg  in  a  thousand,  or  in  ten  thousand,  transports  its  firagment, 
the  bottom  of  the  Antarctic  Sea,  and  the  shores  of  its  islands,}  must 
already  be  scattered  with  masses  of  foreign  rook — the  counterpart  of  the 
"  erratic  boulders  "  of  the  northern  hemisphere. 

*  See  p.  357, 1.  6. 

t  'Phikflophical  TranBactions,'  1830,  p.  117. 

X  M.  Oordier,  in  his  instmotionfl  C  LlDBtitni,'  1837,  p.  288)  for  the  voyage  of  the 
Jjtrold&s  and  ZSUe^  aajB  that  the  shores  of  South  Shetland  were  found,  by  the  naturalist 
of  an  American  expedition  in  1830,  covered  with  great  erratic  boulders  of  granite,  which 
w«e  supposed  to  have  been  brought  there  by  ice.  It  is  highly  desirable  that  this  fact 
abould  be  inquired  into  if  any  opportunity  should  hereafter  oceur. 
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Extract  from  the  Log*  of  the  Schooner  '  Eliza  Scott/ 

Capi'ain  John  Ballent,  while  S.  of  56°  S.  Latttupk,  ISSQ,  kxpt 
BT  John  McNab,  Second  Mate. 

Monday,  Jan.  21, 1839. — Steady  breezes  and  oloudy  weather ;  passed  a 
small  quantity  of  kelp,  and  saw  soTeral  birds.  At  8  a.m.,  longitude 
by  chronometer,  172*^  (V  15"  E. ;  spoke  the  cutter.  Latitude  at  noon, 
55^  55'  S.;  longitude  by  account,  172°  52'  E. ;  squally,  with  small  rain. 
At  4  p.m.,  longitude  by  chronometer,  172°  19'  E.  At  8,  in  first  reef 
mainsail.    Midnight,  squally,  with  a  head  sea. 

Tuetday^  Jan,  22. — Hard  squalls,  with  a  heavy  head  sea,  and  thick, 
hazy  weather.  Longitude  by  account,  172°  89'  E. ;  latitude  by  obser- 
vation, 57°  59'  S. ;  cutter  half  a  mile  S.S.E.,  bearing,  carrying  all 
requisite  sails,  etc. ;  thick,  hazy  weather,  with  a  heavy  swell  from  the 
east ;  passed  a  hank,  supposed  to  have  belonged,  by  the  appearance  of 
it,  to  some  vessel's  jib  or  staysail. 

Wedneaday,  Jan.  23. — Thick,  hazy  weather,  with  small  rain ;  saw 
several  divers  and  a  quantity  of  kelp.  Latitude  by  account,  59°  16'  S. ; 
longitude  by  account,  174°  43'  E.  At  noon,  ditto  weather.  No  observa- 
tion ;  cutter  in  our  wake  within  hail ;  weather  thick  and  foggy ;  saw 
flocks  of  mutton-birds,  and  a  great  quantity  of  kelp.  At  6  p.m., 
it  clearing  off  a  little,  the  man  that  was  looking  out  forward  reported 
land  to  the  south,  but  it  being  so  thick  it  could  not  be  made  out. 
Double-reefed  the  sails  and  brought  the  vessel  to  the  wind  for  the 
night,  but  a  gale  of  wind  coming  on  we  were  forced  to  lay  to,  in 
hopes  that  it  would  be  clear  in  the  morning ;  cutter  within  hail. 

Thursday,  Jan.  24. — ^Still  blowing  hard,  with  thick  fog ;  took  in 
third  reef  mainsail  and  reefed  the  jib.  At  4,  still  thick  and  foggy ; 
Kept  away  ;  no  birds  or  kelp  to  be  seen.  No  observation.  Weather 
more  moderate,  but  still  thick;  out  reefs  and  made  all  sail  requisite. 
Latitude  by  account,  60°  33'  S.;  longitude  by  account,  175°  53'  K 
At  10,  it  coming  on  a  thick  fog,  spoke  the  cutter  and  hove  to. 

Friday,  Jan.  25. — Moderate  and  foggy  weather.  At  7  a.m.,  it  clearing 
off,  made  sail.  Longitude  by  chronometer,  176°  37'  15"  E.,  at  8.  Noon, 
moderate  and  hazy.  Set  the  squaresail.  Latitude  by  observation, 
61°  45'  S. ;  thick,  with  small  rain. 

Saturday y  Jan.  26. — Light  winds  and  foggy  weather.  Saw  several 
divers,  whales,  and  some  kelp.     Latitude  by  account,  62°  28'  S. ;  longi- 

*  Tn  the  posBeasion  of  the  Boyal  Geognphieal  Sodetj. 
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tnde  by  account,  177°  58'  0''  E.  Mate  took  sick,  bled  and  blistered  him, 
etc.  Light  airs  and  calms,  with  thick  weather  and  rain.  At  6,  foggy, 
with  light  winds ;  passed  several  pieces  of  kelp,  a  sea  leopard  and  some 
divers.  Midnight,  ditto  wind  and  weather.  Several  black  whales  play- 
ing round  the  ship. 

Sunday^  Jan,  27. — ^a.m.  Breeze  sprung  up  from  the  south-west,  with 
dear  weather.  Saw  some  more  kelp  and  divers.  At  4,  steady  breeze, 
with  doudy  weather.  At  6,  increasing  breeze,  and  the  sea  getting  up. 
At  8,  longitude  by  chronometer,  177''  55'  15"  E.  At  9,  saw  the  ice. 
At  noon,  islands  of  ice  in  sight  Latitude  by  observation,  63°  35'  S. 
Squally,  with  showers  of  snow  and  sleet.  Mate  oonvalescent.  Mld« 
night,  strong  winds,  with  a  heavy  sea  on  from  the  south.  Many  ice- 
bOTgs  in  sight ;  shortened  sail.     Cutter  in  company. 

Monday^  Jan.  28. — Strong  winds  with  a  heavy  sea,  with  frequent 
showers  of  snow,  sleet,  eta  At  daylight,  found  ourselves  entirely  sur- 
rounded by  icebergs.  Hauled  to  the  wind  under  double-reefed  sails,  and 
steered  otherwise  as  requisite  to  clear  the  ice.  At  8,  longitude  by  chrono- 
meter, 170°  10'  0"  E.  At  noon,  hazy  weather,  amid  much  ice.  Spoke  the 
cutter.  Latitude,  observation,  65°  35'  S.  p.m.,  wind  inclinable  from  the 
southward  with  fine,  clear  weather.  Saw  some  ice  on  the  lee  beam. 
At  4,  longitude  by  chronometer,  179°  48'  0"  E. ;  variation  from  azimuth, 
27^  57'  E.  At  6,  fair  weather,  with  less  sea.  Out  all  reefs.  At  8  it 
fell  calm.  Vessel  rolling  violently  in  the  trough  of  the  sea  at  midnight. 
Light  breeze  sprung  up  from  the  N.W.  Crowded  all  sail  to  give  ease- 
ment to  the  schooner. 

Tuesday^  Jan,  29. — Increasing  breeze  and  hazy  weather.  At  4  a.m., 
came  on  to  snow  and  kept  on  until  noon  with  hazy  weather.  Took  in 
first  reef  mainsaiL  At  noon,  wind  worked  round  to  the  W.S.W.,  with 
olear  weather;  much  ice  in  sight  Cutter  in  company.  Longitude 
by  account,  179°  44'  0"  E. ;  latitude  by  observation,  66°  31'  S.  At  2  p.m., 
wind  flew  round  to  the  E.S.E.  with  squalls  and  snow ;  much  ice  in  sight 
At  4  p.m.,  longitude  by  chronometer,  179°  9'  15"  E.  In  the  evening,  saw 
a  vast  body  of  field-ice  to  the  south.  Variation  by  amplitude,  33°  25'  E. 
At  midnight,  light  winds  and  clear  weather.  Many  whales  in  sight, 
some  sea  leopards,  and  much  ice. 

Wednetday^  Jan,  30. — a.m.,  light  winds  and  dear  weather.  Longi- 
tude by  account,  178°  7'  15"  E.  At  noon,  ditto  wind,  latitude  by  ob- 
MTvation,  66°  52'  S.  Cuiter  in  company.  Ice  and  whales  in  all 
directions,  p.m.,  thick  weather,  with  snow  and  sleet.  In  first  reef 
mainsail  and  E.S.  sail.  Midnight,  ditto  weather  with  much  ice  and 
now. 

Ihunday^  Jan.  31. — Still  foggy,  with  snow  and  sleet,  passing  much 
roiton  ice.  At  8  a.m.,  ditto  weather.  Cutter  in  company.  Latitude  by 
obsorration,  67^  13'  S. ;  longitude  by  account,  176°  14'  15"  E.  Thick 
fogt  with  snow.     The  vessels  going  through  a  vast  quantity  of  scattered 
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rotten  loe;  it  olearing  off  a  little,  saw  several  icebergs.     At  midnight, 
saw  several  penguins,  petrels  and  other  birds. 

Friday y  Feb,  1. — a.m.,  increasing  breeze  and  doady.  No  ioe  to  be 
seen  anywhere,  but  the  sea  remarkably  smooth  for  so  mudh  wind. 
Supposed  ourselves  under  the  lee  of  a  body  of  field-ioe.  At  8,  steady 
breezes  with  clear  weather,  and  a  dear  sea.  Longitude  by  chronometer, 
ITl""  &  E ;  latitude  by  observation,  at  noon,  68''  45'  S.  Ditto  weather. 
Spoke  the  cutter,  p.m.,  strong  winds  and  cloudy.  At  3,  saw  a  large 
extent  of  packed  ice,  to  the  S.  and  E.  as  far  as  the  eye  could  reach. 
Tacked ;  cutter  in  company.  Strong  breezes,  with  a  heavy  head  sea  on. 
Midnight,  more  moderate. 

Saturday^  Feb,  2. — ^a.m.,  moderate  and  cloudy,  with  less  sea.  At  8, 
longitude  by  chronometer,  173^  39'  15"  E.  At  9,  tacked;  no  ioe  in 
sight.  At  noon,  ditto  weather.  Latitude  observation,  68°  11'  S.  Cutter 
in  company.  At  4  p.m.,  variation  by  azimuth,  36°  E.  At  6,  saw  a  large 
extent  of  field  and  packed  ice,  reaching  from  W.  by  N.  to  E.S.K  Tacked. 
Cloudy  weather.    Midnight,  squally,  with  snow  and  sleet. 

Sunday^  Feb,  3. — a.m.,  squally,  with  snow  and  sleet.  At  2,  passed  a 
large  iceberg.  At  8,  longitude  by  chronometer,  171°  58'  E.  At  noon, 
moderate  and  cloudy.  Several  icebergs  in  sight  Spoke  the  cutter,  and 
out  all  ree&.  Latitude  by  observation,  67°  34'  S.  p.m.,  strong  breezes 
and  cloudy,  with  a  heavy  head  sea.  At  7,  longitude  by  chronometer, 
172°  13'  45"  E.  At  midnight,  ditto  weather.  Several  icebergs  in  sight. 
Tacked. 

Monday,  Feb.  4. — Strong  breezes  and  cloudy,  much  ice  in  sight.  At 
8  a.m.,  longitude  by  chronometer,  170°  51'  E.  Latitude  by  observation, 
67°  24'  S.,  moderate  and  cloudy  weather.  At  10,  light  airs,  with  thick, 
foggy  weather,  and  showers  of  sleet  and  snow  at  intervals. 

Tuesday  Feb,  5. — a.m.,  still  foggy,  with  light  winds  and  smooth  water. 
At  noon,  ditto  weather.  Latitude  by  observation,  67°  40'  S.  Longitude 
by  account,  168°  18'  E.  Light  winds  and  smooth  water,  with  thick,  hazy 
weather ;  out  all  reefs,  and  made  all  possible  sail.  Midnight,  still  thick 
fog.  Saw  several  whales  and  sea  leopards  playing  round  the  vessels, 
and  some  dozen  or  two  king  penguins. 

Wednesday,  Feb.  6. — Light  winds  and  variable  from  the  south  and 
west,  with  thick  fog  and  smooth  water.  Saw  some  king  penguins  and 
leopards  and  whales.  At  11  a.m.  passed  an  iceberg  and  heard  the 
rustling  of  the  ice  under  our  lee ;  it  being  a  little  wind,  became  a  little 
concerned  about  it.  At  noon  it  cleared  off  a  little,  and  we  saw  the  ice 
distinctly,  in  a  horseshoe  form,  completely  round  the  vessels.  It  thicken- 
ing again  directly,  we  tacked  with  the  view,  if  possible,  to  lead  off.  At 
1  p.m:  a  light  air  sprung  up  from  the  west,  and  we  steered  N.N.W.  to 
haul  off.  The  current  setting  to  the  S.E.  Latitude  by  account,  67^  36'  S. ; 
longitude  by  account,  166°  34'  E. ;  latitude  by  single  altitude,  67"  47*  S. 
Midnight,  light  winds  and  thick  fog. 
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Hkwndayy  Feb,  7. — ^Light  winds,  with  smooth  water  and  a  thick  fog. 
At  8  a.m.,  tried  the  current,  and  found  it  setting  W.  bj  S.  by  comp., 
half  a  mile  an  hour.  Birds  very  scarce,  penguins  and  whales  about  in 
plenty.  Latitude  by  account,  67''  T  S. ;  longitude  by  account,  166''  43' E. 
At  noon,  thick  fog,  with  smooth  water  and  small  rain.  Lowered  the 
n^^inffail  down  and  repaired  it.  At  6  p.m.,  heavy  swell  from  N.W. 
Midnight,  ditto  weather. 

Friday^  Feb.  8. — Thick  fog.  Passing  much  ice.  Several  penguins 
in  Bight  and  one  sea  leopard.  At  8,  set  squaresail.  At  noon,  took  in 
the  squaresail ;  thick  fog ;  much  ice.  No  observations.  Latitude  by 
account,  66°  44'  S. ;  longitude  by  account,  166''  44'  E.  At  8  p.m.,  reefed 
the  mainsail.    At  9,  took  in  the  foresail     At  10,  hove  to ;  thick  fog. 

Saiurdayy  Feb.  9. — Thick  fog,  with  much  ice.  Lying  to.  At  4  a.m., 
saw  a  young  seal  close  alongside.  The  water  very  much  discoloured,  and 
whales  in  shoals.  At  8,  longitude  by  chronometer,  166"  3'  E.  At  11.30, 
saw  what  we  took  to  be  land  on  our  lee  bow.  Spoke  the  cutter.  Set  the 
squaresail  and  steered  for  it.  Latitude  by  observation,  66"  37'  S.  At 
4  p.m.,  saw  the  land  distinctly  bearing  about  S.W.  Two  large  islands 
and  several  smaller  ones.  At  6,  saw  a  third  one  to  the  westward.  At  8, 
hove  to.  Fair  weather  and  dear,  with  smooth  water.  Whales  and 
penguins  in  plenty.    Saw  two  seals  alongside. 

Skmday,  Feb.  10. — At  2  a.m.,  steered  for  the  land.  At  4,  about  half 
a  mile  distant  &om  the  middle  island  of  the  three.  Saw  no  appearance 
of  any  harbour  or  beach,  it  being  completely  icebound.  Tacked  and 
stood  off  to  the  N.E.  Thick  fog,  with  heavy  rain.  No  land  in  sight  at 
10  a.m.  At  noon,  ditto  weather.  No  observations.  Latitude  by  account, 
66"24'S.;  longitude  by  account,  164"  49',  Loud.  Bate ;  163"  11'  15", 
Chalky  B.  At  4  p.m.,  tacked.  At  8,  calm,  with  thick  fog.  Saw 
some  seals,  whales  and  penguins.    At  midnight,  ditto  weather. 

Monday^  jPe&.  11. — At  1  a.m.,  got  the  boats  out  and  towed  till  3  to 
dear  the  ice.  At  4,  got  the  boats  in ;  light  airs  from  the  N.E.  At  6, 
calm.  At  11,  saw  the  land  to  the  S.W.  Tacked  for  it ;  distant  about 
12  leagues.  At  noon,  latitude  by  single  altitude,  66"  25'  S ;  by  an  im- 
perfect meridian  altitude,  66"  30'  S.  Spoke  the  cutter.  Afternoon  closed 
in  with  light  winds  and  thick  fog.  Whales  and  penguins  in  sight. 
Longitude  by  account,  164"  37'  E.  Qot  the  best  bower-anchor  up,  and 
the  cable  bent  At  8  p.m.,  it  fell  calm,  with  fog.  A  heavy  swell  from 
the  N.K  setting  the  vessel  to  the  S.W.,  half  a  knot  an  hour. 

nieeday,  Feb.  12.— Set  half  a  mile  an  hour  to  the  S.W.  by  the  N.E. 
■welL  At  2  a.m.,  weather  cleared  up ;  saw  the  land.  At  3,  light  airs 
fixun  the  eastward.  At  8,  small  island  S.S.E.,  distant  ten  miles ;  west 
poont  of  the  west  island  bearing  W.N.W.  The  land  completely  ice- 
bound. At  noon,  tacked  and  worked  up ;  short  tacks  towards  the  land 
to  aee  for  harbours  or  beaches.  Cutter  in  shore.  At  4  p.m.,  small 
idand  abreast,  quarter  mile  distant    Spoke  the  cutter,  and  saw  another 
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large  island  to  the  S.S.E.  Latitude  by  aooount,  66*^  22^  S. ;  longitude 
by  account,  163^  49'  E.  At  7  p.m.,  ship's  place  the  same  as  at  noon. 
The  two  captains  went  on  shore,  and  brought  some  stones  off.  Made 
sail,  and  steered  as  requisite  to  clear  the  ice  with  which  this  land  is 
bound.    At  midnight,  light  winds  and  clear  weather. 

Wedneiday^  Feb.  13. — a.m.,  light  winds  and  cloudy,  with  much  ice. 
Steered  as  requisite.  At  8.30,  it  coming  on  foggy,  took  the  bearing  of  the 
body  of  the  land  S.S.  W.,  distant  by  the  log  sixteen  leagues.  Saw  neither 
albatross  nor  mollymawk  here,  only  a  few  Cape  pigeons,  and  a  white 
bird,  rather  smaller,  and  only  a  few  of  them.  Saw  several  penguins,  and 
whales  very  numerous.  Tried  for  soundings  several  times,  at  six,  eight 
and  ten  miles  from  the  middle  island,  but  got  no  ground  with  200 
fathoms.  Made  out  five  islands,  three  large  ones  and  two  small  ones. 
Land  very  high.  At  noon,  thick  fog,  with  light  wind;  jibed  and 
steered  to  the  N.W.  Put  the  anchor  in  the  hold,  and  the  chain  in  the 
locker.  Latitude  by  account,  65^  45'  S. ;  longitude  by  account,  164** 
51'  E. ;  variation,  3  points  E.  p.m.,  thick  fog.  Saw  several  whales, 
seals,  and  drift-ice.  At  4,  it  clearing  up,  saw  the  appearance  of  land  to 
the  west,  and  steered  for  it.  Came  on  thick  again ;  cleared  off  at  8,  but 
saw  no  land,  but  plenty  of  icebergs.  At  midnight,  light  winds  and 
dark,  cloudy  weather. 

Thursday^  Feb,  14.  a.m.,  breeze  freshening,  with  rain.  At  2,  wind 
scanting,  took  in  the  squaresail,  and  set  the  forenstaysaal.  At  4,  heavy 
rain.  At  6,  wind  increasing,  with  snow  and  sleet.  At  noon,  ditto,  ditto, 
took  in  two  reefs  of  the  mainsail  and  fore-staysaiL  Latitude  by  account, 
64''  21'  S.;  longitude  by  account,  163°  35'  E.  At  2  p.m.,  wind  flew 
round  to  the  westward,  with  less  sea.  Cutter  in  company.  At  4,  wind 
and  sea  gradually  dying  away.  Out  all  reefs.  At  8,  light  winds  and 
cloudy  weather.     At  midnight,  calms  and  flaws  of  wind  and  rain. 

Friday y  Feb,  15. — ^At  3  a.m.,  out  sweeps  to  tow  her  clear  of  a  large 
iceberg.  At  4,  light  air  sprung  up  from  W.S.W.,  which  enabled  us  to 
clear  it.  Thick  fog,  with  heavy  rain  and  N.W.  swell.  At  noon,  ditto 
weather.  Employed  breaking  out  provisions,  filling  salt  water,  etc. 
Latitude  by  account,  63*"  54'  S. ;  longitude  by  account,  162°  56'  K  Light 
winds,  with  fog.     At  midnight,  tacked. 

Saturday,  Feb,  16. — a.m.,  steady  breezes  and  cloudy.  At  8,  longitude 
by  chronometer,  160°  56'  30"  E.,  supposing  the  latitude  by  account  to 
be  correct.  At  noon,  dark,  cloudy  weather,  with  small  rain  this  twelve 
hours,  and  heavy  N.W.  swell.  Saw  two  divers,  a  flock  of  birds,  could 
not  make  out  what  sort ;  several  whales.  Spoke  the  cutter.  No  obser* 
vation.  Latitude  by  account,  63°  15'  S.  Steady  breezes  and  doudy 
weather.  Passed  several  icebergs.  At  8  p.m.  took  in  the  squaresail. 
Thick  fog.     Midnight,  light  winds  and  fog. 

Sunday,  Feb.  17. — Light  winds  and  cloudy.  At  2  a.m.  set  the  square- 
sail.     Several  icebergs  in  sight.     At  noon,  doudy,  with  heavy  swell 
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from  the  N.W.  Spoke  the  oatter.  Latitude  by  an  imperfeot  meridian 
altitade,  64^  17'  S. ;  by  aooount,  63^  iff  8.  I  suppose  the  variation  is 
less  here,  but  have  had  no  opportunity  of  trying  lately.  Strong  breezes, 
with  fog.  Longitude  by  aooount,  159°  26'  E.  At  11  p.m.,  strong  gales, 
with  heavy  sea ;  hove  to. 

Monday  J  Feb.  18.— A.M.,  laying  to.  At  8,  more  moderate,  with  less 
■ea.  Made  sail.  At  noon,  ditto  weather.  Latitude  by  observation, 
64''  32^  S. ;  longitude  by  aooount,  155''  41'  K  Light  winds  and  variable. 
Out  all  reefiB.    Calm,  with  fog  and  rain. 

2Wfday,  Fe&.  19. — ^Light  airs  and  oalms,  with  a  heavy  swell  and 
ciloudy  weather.  At  9  a.m.,  longitude  by  chronometer,  152°  55'  E. ; 
latitude  by  observation,  64°  24'  S.  p.m.,  ditto  weather,  with  sleet.  At 
midnight,  increasing  breeze,  with  snow  and  sleet. 

.  Wednuday^  FA.  20. — a.m.,  strong  winds  and  cloudy,  with  snow  and 
ileet  At  noon,  ditto  weather.  Latitude  by  account,  64°  15'  S.  Longi- 
tude by  aooount,  148°  54'  E.  Bepaired  the  mainsail.  At  4  p.m.  saw 
several  flocks  of  mutton-birds  and  a  school  of  whales.  At  8,  double- 
reefed  mainsail  and  forenBtaysaiL    Midnight,  moderate  and  clear. 

Thunday^  Fdf.  21. — Steady  breezes.  Saw  an  iceberg  to  windward. 
Out  reefs,  and  set  the  squaresail.  At  8  a.m.  repaired  the  mainsail.  At 
noon,  olear  weather.  Latitude  by  observation,  64°  6'  S. ;  longitude  by 
aooount,  144°  38'  E.  Light  winds  and  cloudy  weather.  At  8  p.m., 
squally,  with  snow  and  sleet.  Double-reefed  the  sails.  At  midnight, 
ditto  weather. 

ISriday,  Feb.  22. — a.m.,  squally,  with  snow  and  sleet.  At  daylight, 
saw  three  icebergs.  At  8,  tacked,  and  out  all  reefs.  At  noon,  light  winds 
and  dear.  Latitude  by  observation,  63°  30'  S. ;  longitude  by  account, 
143°  26'  E.  Tacked.  Variation  by  azimuth,  17°  52'  E.  At  4  p.m. 
taoked.  Longitude  by  chronometer,  L.B.,  142°  53'  K  Employed  re- 
pairing the  foresail.    Midnight,  light  winds,  with  showers  of  sleet  and 


Saiiurday^  FA.  23. — Calms,  with  snow  and  sleet.  At  4  a.m.,  breeze 
sprung  up  from  the  south,  made  sail.  At  8,  longitude  by  chronometer, 
141°  34'  30"  E.  At  noon,  fair  weather ;  passed  an  iceberg ;  saw  several 
penguins,  divers  and  whales.  Employed  in  repairing  the  second  foresail. 
Latitude  observation,  at  noon,  63°  36'  S. ;  longitude  by  chronometer, 
•t  4  p.m.,  140°  55'  15"  R  Unbent  the  storm-trysail,  and  bent  the  second 
foieniL    At  9,  dark  a-nd   cloudy  with  rain;    tacked  and   reefed  the 


Smnday^  Feb.  24. — A.M.,  increasing  breeze,  with  snow  and  sleet.  Spoke 
the  cutter.  At  daylight  saw  several  divers,  penguins,  mutton-birds, 
Mid  porpoises.  Set  the  squaresaiL  At  11,  split  the  squaresail;  took 
it  in*  At  noon,  ditto  weather,  with  a  heavy  sea  on.  Latitude  by 
mn  imperfeot  altitude,  63°  46'  S ;  longitude  by  aooount,  139°  1 7'  E. 
Sinmg  winds,  with  snow  and  sleet.    During  this  afternoon  saw  several 
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flocks  of  mutton-birds  and  several  whales.   Thick,  foggy  weather, 
night,  light  winds  with  rain. 

Monday^  Feb.  25. — A.X.,  light  winds  and  cloudy ;  strong  winds  with 
snow.  At  noon,  double-reefed  mainsail.  Latitude  by  aooount,  63^  40' 
S. ;  longitude  by  account,  134^  5(y  E.  p.m.,  moderate,  with  snow.  Saw 
several  flocks  of  birds,  going  from  the  N.E.  to  the  S.S.W. ;  saw  a  great 
jnany  whales  and  a  few  penguins.  At  midnight,  squalls,  with  snow 
and  sleet,  and  a  heavy  sea  running. 

Tiieaday,  Feb.  26. — At  1  a.m.  shortened  sail  for  cutter.  At  3,  filled 
and  made  sail.  At  4,  strong  breeze,  with  snow  and  sleet.  Split  the 
foresail ;  took  it  in,  repaired  it,  reefed  it  and  set  it.  At  8  it  cleared  off 
a  little  to  the  N.E.  Thought  we  saw  the  land ;  tacked  and  stood  for  it. 
At  11.30,  made  it  out  to  be  fog  hanging  over  some  iceberg.  At  noon, 
ditto  weather.  Latitude,  observation,  64^  40'  S. ;  longitude  by  account, 
131°  35'  E.  Thick  fog,  with  snow  and  sleet  At  2  p.m.  passed  an 
iceberg.  At  4  it  cleared  off  a  little ;  saw  several  icebergs ;  out  all  reefs. 
At  7,  tacked  to  clear  the  iceberg.  Thick,  hazy  weatiier,  with  little 
wind-  and  a  heavy  sea.  At  midnight,  light  winds  and  variable,  with 
hard  frost  and  less  sea ;  a  great  many  penguins. 

Wednesday y  Feb.  27. — ^a.m.,  light  winds  with  hard  frost;  several  ice- 
bergs in  sight.  At  4,  tacked  ;  dark,  cloudy  weather.  At  8,  longitude  by 
chronometer,  132''  21'  46"  E ;  latitude,  64""  38'  S.  At  noon,  snowH9torm, 
with  thick  weather.  No  observations ;  latitude  by  account,  64°  87'  S. 
At  1  p.m.,  wind  flew  round  to  the  N.W. ;  took  in  the  squaresail,  and 
hauled  to  the  wind.  At  4,  light  winds  and  variable,  with  cloudy 
weather ;  several  icebergs  in  sight,  and  penguins.  At  7,  strong  winds, 
in  two  reefs,  mainsail  and  fore-staysail.  Midnight,  snowstorms  and  fog ; 
took  in  fore-staysail  and  foresaiL  Variation  by  an  amplitude  at  O  set, 
14°  54'  W. 

Thursday,  Feb.  28. — A.M.,  in  third  reef  mainsail  and  reef  foresaiL 
At  2,  hove  to  under  three  reefed  mainsail  and  two  reefed  fore-staysaiL 
At  4,  set  the  jib  and  kept  away ;  still  blowing  hard,  with  showers  of 
snow  and  sleet,  and  a  heavy  sea.  At  noon,  more  moderate  and  clear ; 
passed  a  large  iceberg.  Latitude  by  observation,  64°  19'  S. ;  longitude 
by  account,  128°  50'  E.  p.m.,  out  one  reef  mainsail,  foresail,  and  set  the 
squaresail,  jibed.  At  4,  longitude  by  chronometer,  129°  25'  15"  E.  At  6, 
increasing  breeze,  with  dark,  cloudy  weather ;  many  flocks  of  mutton- 
birds  and  petrels.  Midnight,  steady  breeze  and  cloudy,  with  a  heavy 
sea  on ;  passed  a  largo  iceberg. 

Friday,  March  1. — a.m.,  steady  breezes  and  cloudy.  At  6,  out  all 
reefs.  Noon,  dark,  cloudy  weather.  Several  icebergs  in  sight,  and  a 
great  many  birds.  Latitude  by  account,  64°  5'  S. ;  longitude  by  aocount, 
124°  47'  E.  P.M.,  light  winds  and  cloudy.  At  6,  finished  repairing  the 
squaresail  and  set  it.  Midnight,  increasing  breeze,  with  cloudy  weather 
and  frost. 
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Saturday^  March  2. — ^▲.m.,  squally,  with  snow  and  variable  winds. 
At  4,  heavy  showers  of  snow,  eto.  At  8,  cleared  off  a  little.  Longitude 
by  ohxonometer,  122°  18'  E.  At  noon,  cloudy  weather.  Latitude  by 
observation,  65°  S. ;  longitude  by  account,  122°  44'  E.  Strong  winds 
and  ihiok  weather,  with  showers  of  snow  and  sleet.  At  6  p.m.  dose- 
reefed  the  sails.  Saw  a  great  many  birds.  At  8,  the  water  becoming 
smooth  all  at  once,  took  in  the  squaresail  and  hove  to.  Saw  the  land  to 
the  south.  Much  small  ice  about  the  vessels;  the  supposed  land  not 
more  than  one  mile  to  windward.    Midnight,  strong  winds,  with  snow. 

Sunday f  March  8. — ^At  4  a.m.  found  the  ioe  so  close,  and  getting  more 
compact  Tacked  in  hopes  of  getting  between  it  and  the  land,  but  the 
weather  is  so  thick  that  we  should  hit  it  before  we  saw  it  again.  At  8 
it  cleared  off  a  little.  Saw  the  appearance  of  land  to  the  south,  but  there 
being  so  much  ice  between  the  vessels  and  it,  we  were  glad  to  get  out 
again  safe.  The  weather  dark  and  cloudy,  and  sometimes  foggy,  with 
smooth  water.  At  11,  still  saw  the  appearance  of  land  to  the  west,  but 
it  coming  on  thick,  and  the  vessels  surrounded  with  ice,  we  steered  as 
requisite  to  gain  the  open  sea.  At  noon,  made  sail.  At  9,  longitude  by 
chronometer,  118°  45'  30"  E. ;  latitude,  65°  16'  S.  Latitude  at  noon,  by 
observation,  65°  10'  S.  p.m.,  strong  breezes  and  clear.  Steering  along 
the  edge  of  the  pack  ioe;  many  icebergs  in  sight.  Midnight,  moderate 
and  cloudy. 

Monday^  March  4. — a.m.,  moderate  and  cloudy.  At  5,  hauled  to  the 
westward.  At  8,  out  all  reefs.  Many  icebergs  in  sight,  and  a  great 
many  birds  and  whales.  At  noon,  increasing  breeze,  and  cloudy  with 
a  heavy  sea  from  the  N.W.  Latitude,  observation,  63°  56'  S. ;  longitude 
by  aooonnt,  116°  11'  E.  Took  one  reef  in  mainsail  and  fore-staysail.  At  4, 
in  seoond  reef,  ditto,  ditto;  longitude  by  chronometer,  115°  30'  15"  E.; 
latitude,  63°  44'  S.  p.m.,  strong  winds  and  cloudy  weather,  with  a  heavy 
sea  running.  Many  icebergs.  At  9,  surrounded  by  icebergs.  Thick 
weather,  and  the  snow  squalls  so  severe  that  we  hove  to  for  the 
night.  Midnight,  ditto  weather.  At  sunset  found  the  variation  to  be 
44^  11'  W. 

IVesday,  March  5. — a.m.,  strong  gales  with  a  heavy  sea;  laying  to ; 
many  icebergs  in  sight.  At  7,  wore  and  set  jib  and  foresail.  Close 
reefed.  At  8,  longitude  by  chronometer,  114°  45'  38"  E. ;  latitude, 
63°  OT  8.  At  noon,  more  moderate.  Out  one  reef  mainsail  and  fore- 
staysail ;  latitude  by  observation,  63°  1'  S.  p.m.,  squally,  with  snow- 
showers.  Saw  a  great  many  birds ;  many  icebergs  in  sight.  At  mid- 
night, steady  breezes  with  snow  and  sleet. 

Wednetday^  March  6. — a.m.,  steady  breezes  and  dear,  with  a  heavy 
aea»  and  many  icebergs  in  sight  Variation  by  an  amplitude,  42°  21'  W. 
At  9,  longitude  by  chronometer,  113°  34'  15",  E. ;  latitude,  62°  26'; 
latitode  by  observation,  62°  20'  S.  At  noon  took  in  one  reef  fore- 
atayiail,  foresail  and  mainsail.    At  4  p.m.,  in  seoond  reef  mainsail. 
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Longitude  by  chronometer,  112°  62'  16"  E. ;  ktitude,  62°  11'  S.    At 
midnight,  moderate  and  cloudy ;  out  all  reefs. 

Thursday,  March  7. — A.M.,  cloudy  with  snow ;  snow  and  sleet ;  many 
icebergs ;  dark  and  cloudy,  with  a  heavy  sea ;  no  observation.  Latitude 
by  account,  61°  3(y  S. ;  longitude  by  account,  111°  43'  E.  At  1  pjn. 
took  in  two  reefs;  at  4  p.m.,  strong  gales;  hove  to  under  balance; 
reefed  mainsail  and  two  reef  forestaysail.     At  midnight  wore  ship. 

Friday,  March  8. — Laying  to;  many  icebergs.  At  6  a.m.,  out  two 
reefs  mainsail,  one  reef  foresail  and  fore-staysail,  and  set  the  jib.  At 
noon,  ditto  weather.  Latitude  by  observation,  61°  39'  S ;  longitude  by 
account,  111°  27'  E.  Got  the  storm-trysail  up  and  bent  to  the  gafi^  ready 
to  set  as  occasion  may  require,  the  foresail  and  mainsail  being  vety 
bad,  and  not  trustworthy  in  a  gale  of  wind.  At  8  p.m.^  tacked; 
passed  several  icebergs.  At  midnight,  thick  and  hazy,  with  sleet  and 
rain. 

Saturday,  March  9. — A.M.,  increasiog  breeze  and  thick,  with  min  and 
a  heavy  cross  sea ;  shipping  much  water.  A  great  many  icebergs.  At 
noon,  ditto  weather;  in  one  reef  foresail  and  two  reef  foreetaysaiL 
Sahrina  in  company.  Latitude  by  account,  61°  01'  S. ;  longitude  by 
account,  108°  30'  E.  Thick,  foggy  weather,  with  rain,  sleet,  and  many 
icebergs.  At  8  p.m.,  strong  winds,  with  snow  and  sleet ;  dose  reefed 
and  hove  to  till  daylight.     Midnight,  laying  to. 

Sunday,  March  10. — a.m.  at  3,  steady  breezes  and  clear;  set  double 
reefed  sails.  At  6,  out  all  reefs.  At  8,  longitude  by  chronometer, 
i07°  40'  E. ;  latitude,  61°  13'.  Many  icebergs  in  sight.  At  noon,  lati- 
tude by  observation,  61°  13'  S.  p.m.,  dark  and  squally,  with  snow. 
At  4,  in  two  reefs  fore-staysail  and  mainsail  and  foresail.  At  6,  unbent 
the  foresail  and  bent  the  storm-trysail  forward.  Hard  squalls,  with  snow 
and  sleet,  and  a  heavy  swell  from  the  northward.  At  midnight,  moderate 
and  clear ;  the  Aurora  Borealis  in  great  splendour  during  the  night. 

Monday,  March  11. — a.m.,  fair  weather  and  clear.  At  daylight,  saw 
a  groat  many  icebergs.  At  8,  longitude  by  chronometer,  105°  66'  60"  E. ; 
latitude,  61"^  27'.  Got  the  old  mainsail  up  and  condemned  it,  and  took 
all  the  gcpd  canvas  out  to  repair  the  second  foresail  with ;  got  all  the 
sails  up  and  well  aired  them.  At  noon,  pleasant  weather ;  innumerable 
icebergs  in  sight.  Latitude  by  observation,  61°  27'  S.  At  4  p.m.,  longi- 
tude by  chronometer,  105°  44'  E. ;  variation  by  azimuth,  34°  SC  W. 
Unbent  the  storm-trysail  and  bent  the  new  foresail.  At  midnight,  squally, 
with  snow  and  sleet ;  in  one  reef  each  sail.     Many  icebergs. 

Tuesday,  March  12. — a.m.,  cloudy,  with  bhowers  of  snow  and  sleet; 
many  icebergs.  At  8,  longitude  by  chronometer,  104°  41'  46"  E. ;  lati- 
tude, 61°  45'  S.  At  noon,  ditto  weather.  No  observation.  Latitude  Iqr 
account,  91°  41'  S.  p.m.,  dark  and  cloudy  weather.  Icebergs  innumerable. 
Saw  some  penguins,  whales,  and  several  sea  birds ;  saw  one  albatross,  the 
first  since  we  left  Campbell's  Island.     At  4,  longitude  by  chrronmetor, 
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104'  IVBVE.;  latitude,  61°  34'  S.    At  10,  Ught  winds ;  out  all  reefs  to 
dear  the  ioe.     At  midnight,  ditto,  ditto. 

Wedne$day^  March  13. — a.m.,  light  winds  and  variable,  with  showers 
of  snow  and  sleet,  and  hard  frost  during  the  night.  At  8,  cloudy.  Vessels 
surrounded  by  ioebergs.  Saw  a  great  number  of  mutton-birds,  some 
penguins  and  whales.  Passed  one  iceberg,  with  a  piece  of  rock  attached 
to  it.  This  morning  Captain  Freeman  came  on  board  and  brought  the 
boy  Smith  with  him,  and  took  the  boy  Juggins  on  board  the  cutter. 
Longitude  by  chronometer,  103''  49'  46"  E.;  latitude,  61''  16'  S.  Noon, 
ditto  weather.  Latitude  by  observation,  61°  12'  S.  p.m.,  begins  with 
light  winds  and  dear  weather.  Ship  surrounded  with  icebergs.  At  4, 
fareese  freshening,  with  snow  and  threatening  appearance ;  double-reefed 
mainsail.  At  6,  snow,  sleet,  etc.  Longitude  by  observation,  103^  49'  46"  E. ; 
latitude,  61^  16'  S.  At  10,  steady  breeze,  with  more  favourable  appear- 
ance.   Midnight,  ditto  weather ;  passed  many  icebergs. 

TkwrBdaff,  March  14. — a.m.    Begins  with  light  winds  and    cloudy 
weather,  with  smooth  sea.  At  4,  ditto  wind  and  weather ;  passed  several 
icebergs.     At  8,  ditto  weather,  with  light  winds.    Longitude  by  obser- 
vation, 103°  11' 16"  E.;   latitude,  60^  40' 8.     Noon,  light  wind,  with 
doudy  weather  and  small  snow.    Latitude  by  indifferent  observation, 
60**  37'.    P.M.,  steady  breeze  and  cloudy  weather.    At  noon,  ditto  weather, 
wind  inclining  from  the  southward.     At  6,  wind  hauled  round  to  S.W. 
Jibed  ship;  set  squaresail;  double-reefed   mainsail  and  fore-staysaiL 
At  7,  wind  westered ;  in  squaresail  and  set  fore-staysail.    At  8,  light 
wind  and  doudy ;  icebergs.   At  midnight,  light  airs  and  cloudy  weather. 
Friday^  March  16. — A.M.,  daylight ;  light  winds  and  cloudy  weather. 
Out  all  reefs.   Linumerable  icebergs  round  the  ship ;  many  not  less  than 
300  feet  in  height  above  the  level  of  the  sea.     At  8,  light  winds  and 
variable ;  all  necessary  sail  set.  Longitude  by  observation,  99°  29'  16"  E. ; 
latitude  by  account,  69°  36'  S.    Noon,  light  breeze  and  clear  weather. 
Latitude  by  observation,  69°  30'  S.     p.m.,  light  airs  and  clear  weather. 
Employed  refiUing  water  cask  in  the  hold,  and  sundry  requisite  jobs. 
At  4,  light  airs  inclining  to  calms.     At  8,  light  airs  and  variable,  with 
idear  weather.  Midnight,  light  airs  inclining  to  calms.  Aurora  Borealis 
rery  vivid  all  this  night. 

Saharday^  March  16. — ^a.m.,  calms,  with  clear,  bright  weather  and 
smooth  water;  Aurora  Borealis  very  distinct.  Lowered  the  mainsail 
down  and  also  the  fore-staysail.  At  4,  ditto  wind  and  weather.  Bepair- 
in^^  the  mainsail.  At  8  a.m.,  longitude  by  observation,  96°  60'  16"  E. ; 
latitude  by  observation,  69°  19'  at  4  p.m.  At  8.30,  breeze  sprung  up 
from  the  S.W. ,  set  the  squaresail ;  took  in  the  foresail.  Latitude  by 
obMrvation,  69°  14'  S.  At  noon,  fresh  breeze  and  clear.  Many  icebergs 
in  sight ;  spoke  the  cutter,  p.m.,  breeze  freshening,  with  clear  weather. 
Knidied  repairs  of  mainsail  and  set  it  single  reefed.  At  7,  took  in  the 
■quaroiiL    At  10,  shortened  sail  and  hauled  by  the  wind.     At  10, 
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Smith,  the  fisherman,  being  at  the  tiller,  and  it  getting  dark  and  all 
hands  busy  shortening  sail,  the  captain  oonned  the  vessel,  intending  to 
hail  the  cutter,  when  giving  directions  to  Smith  to  starboard  and  port 
the  helm  as  required,  desired  him  to  answer  that  he  (the  captain)  might 
know  whether  he  heard  him  or  not,  when  Smith  became  exceedingly 
insolent  to  the  captain,  and  at  last  let  go  the  tiller,  hove  the  tiller-rope 
in  the  captain's  face,  and  swore  that  he  would  not  take  the  tiller  any 
more  while  he  was  in  the  vessel,  and  was  so  abuseful  that  the  captain 
was  obliged  to  take  him  by  the  neck  and  push  him  forward.  (The  last 
three  words  were  written  many  days  after  the  others.) 

Sunday^  March  17. — ^At  4  a.m.  set  double-reefed  sails ;  kept  away. 
At  8,  steady  breezes  and  clear.  Many  icebergs.  Out  one  reef  foresdl 
and  fore-staysail.  At  noon,  sent  for  Smith  to  know  if  he  was  going  to 
come  on  deck  to  his  duty,  when  he  refused  absolutely.  At  noon, 
ditto  weather.  Latitude  by  observation,  58^  24'  S. ;  longitude  by  account, 
95^  6(y  E.  P.M.,  strong  breezes  and  cloudy  weather ;  double-reefed  the 
sails.  At  9,  took  in  the  mainsail  and  jib,  and  hove-to  for  the  night.  At 
midnight,  light  airs  and  cloudy. 

Monday y  March  18. — a.m.,  light  winds  and  cloudy.  At  4,  out  all  ree& 
and  made  sail.  At  8,  longitude  by  chronometer,  95°  4'  E. ;  latitude 
67°  38'  S.  At  noon,  latitude  by  observation,  57°  27'  S.  Light  winds 
and  cloudy,  with  many  icebergs  in  sight  and  some  whales.  p.m.,  calm. 
Broke  out  the  hold  for  provisions,  and  heard  that  Smith  was  not  welL 
At  6,  light  winds  and  variable,  with  dark,  cloudy  weather.  Many  ice- 
bergs in  sight.     Midnight,  ditto,  ditto. 

Tuesday y  March  19. — A.M.,  calm.  At  2,  light  airs  and  cloudy.  At  8, 
squally,  with  much  ice.  At  noon,  dark,  hazy  weather,  with  threatening 
appearance.  Took  in  two  reefs.  Latitude  by  observation,  56°  45'  S. ; 
longitude  by  account,  94°  02'  E.  p.m.  At  4,  longitude  by  chronometer, 
94°  55'  15"  E. ;  latitude,  56°  42'.  Squally,  with  snow  and  sleet  In  two 
reefs  each  sail.  Many  icebergs  in  sight.  At  10,  light  winds  and  cloudy 
weather.  Vessel  getting  entangled  amongst  the  small  ice.  Out  aU 
reefs.    Midnight,  tacked. 

Wedmtday,  March  20. — a.m.,  increasing  breeze  and  hazy.  At  5,  made 
sail.  At  7,  hard  squalls,  with  snow  and  fog.  Close  reefed  and  hove  to. 
At  11,  kept  away ;  set  the  jib.  Latitude  by  account,  56°  10'  S. ;  longi- 
tude by  account,  94°  19'  E.  P.M.,  dark,  squally  weather,  with  snow  and 
hail.  At  8,  ditto  weather,  with  thick  fog.  Many  icebergs.  Heard 
some  penguins.  Hove  to  under  dose-reefed  foresail  and  fore-staysail; 
sheet  in  midships. 

Thursday,  March  21. — a.m.,  strong  gales,  with  snow  and  sleet,  and  a 
heavy  sea  on.  At  daylight  saw  several  icebergs.  At  8  set  dose-reefed 
mainsail  and  jib.  Longitude  by  chronometer,  93°  10'  30"  K ;  latitude 
by  chronometer,  55°  10'.  At  noon,  clear  weather,  with  snow  squalls  at 
intervals.     Saibrina  in  company.     Latitude  by  observation,  55°  2*  S.; 


THE  LOG  OF  JOHN  BALLENrS  SEOOKD  MATE. 


859 


loQgitade  by  aooonnt,  93^  6'  E.  p.m.,  ditto  weather.  At  4,  longitude  by 
ohronoineter,  93°  57'  E. ;  latitude,  54°  49'  S.  Passed  several  small  pieces 
of  ice,  and  saw  several  penguins.  At  midnight,  moderate,  with  less  sea. 
Out  two  ree&.  Several  icebergs  in  sight.  Aurora  Borealis  in  sight  the 
fore  part  of  the  night,  with  dear  weatiier. 


360  THE  ANTARCTIC  MANUAL. 


Extract  from  the  "Narrative  op  the  U.S.  Exploring 

Expedition,  1838-42."    Bt  Charles  Wilkes,  n.S.N.,  Commandkb  or 
the  Expedition.    Vol.  it. 

CHAPTER  IX.  (pp.  297-387). 

The  subjects  of  which  I  am  about  to  treat  in  the  foUowing  ohaptera  are 
exclusively  nautioaL  I  shall,  therefore,  adopt  in  treating  them  more 
the  form  of  a  log-book,  and  follow  the  daily  order  of  their  oooarrenoe 
with  more  strictness  than  I  have  hitherto  considered  neoessary.  This 
will  be  done  in  order  to  illustrate  more  fully  the  nature  of  the  remote 
regions  we  traversed,  and  for  the  purpose  of  giving  a  more  exact  relation 
of  the  incidents  of  this  part  of  our  cruise — ^incidents  that  I  cannot  but 
hope  have  made  this  part  of  our  labours  particularly  interesting  to  all 
of  our  countrymen  who  possess  a  feeling  of  national  pride. 

The  credit  of  these  discoveries  has  been  claimed  on  the  part  of  one 
foreign  nation,  and  their  extent,  nay,  actual  e^dstenoe,  called  into 
question  by  another ;  both  having  rival  expeditions  abroad,  one  at  the 
same  time,  the  other  the  year  succeeding. 

Each  of  these  nations,  with  what  intent  I  shall  not  stop  to  inquire, 
has  seemed  disposed  to  rob  us  of  the  honour,  by  underrating  the  im- 
portance of  their  own  researches,  and  would  restrict  the  Antarctic  land 
to  the  small  parts  they  respectively  saw.  However  willing  I  might  be 
in  a  private  capacity  to  avoid  contesting  their  statements,  and  let  truth 
make  its  own  way,  I  feel  it  due  to  the  honour  of  our  flag  to  make  a 
proper  assertion  of  the  priority  of  the  claim  of  the  American  Expedition, 
and  of  the  greater  extent  of  its  discoveries  and  researches. 

That  land  does  exist  within  the  Antarctic  Circle  is  now  confirmed  by 
the  united  testimony  of  both  French  and  English  navigators.  lyUrville, 
the  celebrated  French  navigator,  within  a  few  days  after  land  was  seen 
by  the  three  vessels  of  our  squadron,  reports  that  his  boats  landed  on 
a  small  point  of  rocks,  at  the  place  (as  I  suppoee)  which  appeared 
accessible  to  us  in  Piner's  Bay,  whence  the  Vineennei  was  driven  by  a 
violent  gale ;  this  he  called  Clarie  Land,  and  testifies  to  his  belief  of 
the  existence  of  a  vast  tract  of  land,  where  our  view  of  it  has  left  no 
doubt  of  its  existence.  Boss,  on  the  other  hand,  penetrated  to  the  lati- 
tude of  79^  S.  in  the  succeeding  year,  coasted  for  some  distance  along  a 
lofty  country  connected  with  our  Antarctic  continent,  and  establishes 
beyond  all  cavil  the  correctness  of  our  assertion,  that  we  have  disoovered. 
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not  a  range  of  detached  islands,  but  a  vast  Antarctic  continent.  How 
far  Captain  Boss  was  guided  in  his  search  by  onr  previous  discoveries 
will  best  appear  by  reference  to  the  chart,  with  a  fall  account  of  the 
proceedings  of  the  squadron,  which  I  sent  to  him,  and  which  I  have 
inserted  in  Appendix  XXIY.  and  Atlas ;  although  I  have  never  received 
any  acknowledgment  of  their  receipt  from  him  personally,  yet  I  have 
heard  of  their  having  reached  his  hands  a  few  months  prior  to  his 
Antarctic  cruise.  Of  this,  however,  I  do  not  complain,  and  feel  only  the 
justifiable  desire  to  maintain  the  truth  in  relation  to  a  claim  that  is 
indisputable.  The  following  narrative  must,  I  feel  satisfied,  leave  no 
doubt  in  any  unprejudioed  mind  of  the  correctness  of  the  assertion  that 
we  have  discovered  a  vast  continent ;  but  I  would  ask  in  advance,  who 
was  there  prior  to  1840,  either  in  this  country  or  in  Europe,  that  had 
the  least  idea  that  any  large  body  of  land  existed  to  the  south  of  New 
Holland?  And  who  is  there  that  now  doubts  the  fact,  whether  he 
admits  it  to  be  a  vast  continent,  or  contends  that  it  is  only  a  collection 
of  islands? 

Examine  all  the  maps  and  charts  published  up  to  that  time,  and 
upon  them  will  any  traces  of  such  land  be  found  ?  They  will  not,  and 
for  the  very  best  of  reasons — none  was  known  or  even  suspected  to 
exist  We  ourselves  anticipated  no  such  discovery ;  the  indications  of 
it  were  received  with  doubt  and  hesitation ;  I  myself  did  not  venture 
to  record  in  my  private  journal  the  certainty  of  land  until  three  days 
after  those  best  acquainted  with  its  appearance  in  these  high  latitudes 
were  assured  of  the  fact ;  and  finally,  to  remove  all  possibility  of  doubt, 
and  to  prove  conclusively  that  there  was  no  deception  in  the  case,  views 
of  the  same  land  were  taken  from  the  vessels  in  three  different  positions, 
with  the  bearings  of  its  peaks  and  promontories,  by  whose  intersection 
their  position  is  nearly  as  well  established  as  the  peaks  of  any  of  the 
islands  we  surveyed  from  the  sea. 

All  doubt  in  relation  to  the  reality  of  our  discovery  gradually  wore 
away,  and  towards  the  close  of  the  cruise  of  the  Vineennea  along  the  icy 
barrier,  the  mountains  of  the  Antarctic  continent  became  familiar  and 
of  daily  appearance,  insomuch  that  the  log-book,  which  is  guardedly 
silent  as  to  the  time  and  date  of  its  being  first  observed,  now  speaks 
tliroughoat  of  **  the  land." 

Afker  leaving  Sydney  we  had,  until  the  81st  December,  fine  weather 
and  CftTourable  winds.  We  took  advantage  of  these,  and  all  sail  was 
orowded  on  the  vessels  of  the  squadron;  at  the  above  date  we  had 
reached  the  latitude  of  43''  S. 

Under  sudh  drcumstances  the  usual  order  of  sailing,  in  a  line  abreast, 
was  easily  maintained,  and  the  communications  between  the  vessels  were 
firaqiient.  On  the  dlst  of  December  I  issued  the  sailing  instructions  for 
the  ondse,  which  will  be  found  in  Appendix  XXV. 

DuxDg  this  favourable  weather  all  hands  were  employed  in  tightening 
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the  ports,  in  order  to  Becure  the  interior  of  the  TesselB  as  much  as  possible 
from  the  cold  and  wet,  which  were  to  be  apprehended  in  the  region  to 
which  we  were  bound.  For  this  purpose,  after  calking  all  the  openings, 
the  seams  were  covered  with  tarred  canvas,  over  which  strips  of  sheet- 
lead  were  nailed.  The  sailors  exhibited  great  interest  in  these  prepara- 
tions, and  studiously  sought  to  make  everything  snug ;  all  useless  articles 
were  stowed  away  in  the  hold,  for  we  were  in  truth  full  to  overflowing, 
and  places  at  other  times  sacred  were  now  crowded. 

It  was  fortunate  that  the  weather  for  the  first  few  days  was  so 
favourable ;  for  so  full  was  every  place  that  we  had  been  compelled  to 
stow  bread  in  the  launch  and  cutter,  and  this  in  bulk;  or  the  quantity 
was  so  much  beyond  that  which  had  been  carried  on  any  former  occa- 
sion that  a  sufficient  number  of  bags  were  not  to  be  had,  and  in  the 
hurry  of  its  reception  on  board,  time  had  not  been  found  to  provide 
tbem.  Every  ounce  of  bread  thus  exposed  was  looked  to  with  solicitude, 
for  there  was  a  chance  that  all  of  it  might  be  needed. 

Among  other  preparations,  rough  casings  of  boards  were  built  around 
all  the  hatches,  having  doors  furnished  with  weights  and  pulleys,  in 
order  to  insure  that  they  should  not  be  left  open.  Having  thus  provided 
for  the  exclusion  of  cold  air,  I  contented  myself  with  preparations  for 
keeping  the  interior  of  the  vessel  at  a  temperature  no  higher  than  50^ 
I  deemed  this  preferable  to  a  higher  temperature,  in  order  to  prevent 
the  injurious  effects  which  might  be  produced  by  passing  suddenly  firom 
below  to  the  deck.  I  conceived  it  far  more  important  to  keep  the  air 
dry  than  warm,  particularly  as  a  lower  temperature  would  have  the 
effect  of  inducing  the  men  to  take  exercise  for  the  purpose  of  exdting 
their  animal  heat. 

Aware  that  warm  and  dry  clothing  was  an  object  of  the  first  im 
portance,  inspections  of  the  men's  feet  and  dress  were  held  morning  and 
evening,  in  which  the  wearing  of  a  suitable  number  of  garments  was 
insisted  upon,  as  well  as  the  greatest  personal  cleanliness.  With  the 
same  views  the  dxying  stoves  were  particularly  attended  to ;  and  that 
every  part  under  deck  might  be  effectually  and  quickly  freed  of  moisture, 
additional  stoves  had  been  procured  at  Sydney.  Thermometers  were 
hung  up  in  proper  places  and  frequently  consulted,  in  order  by  following 
their  indications  to  secure  an  equable  temperature,  and  at  the  time  to 
ascertain  when  the  use  of  stoves  might  be  dispensed  with,  in  whole  or 
in  part.  The  latter  was  an  important  consideration,  for  we  were  under 
the  necessity  of  husbanding  our  stock  of  fuel  by  expending  it  only  when 
absolutely  necessary. 

We  also  took  advantage  of  the  fine  weather  to  bend  all  our  best  sails 
and  to  shift  our  topgallant  masts. 

The  1st  January  was  one  of  those  days  which  are  termed,  both  at 
sea  and  on  shore,  a  weather-breeder.  The  sea  was  smooth  and  pladd* 
but  the  sky  was  in  places  lowering  and  had  a  wintry  oast,  to  whioh 
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we  had  long  boen  strangers ;  the  temperature  shortly  began  to  fall, 
the  breeze  to  increase,  and  the  weather  to  beoome  misty.  In  a  few 
hours  we  were  sailing  rapidly  through  the  water,  with  a  rising  sea,  and 
by  midnight  it  was  reported  that  the  tender,  Flying^FUh,  was  barely 
▼iflible.  I  shortened  sail,  but  it  was  difficult  to  stop  our  way ;  and  on 
the  morning  of  the  2nd  of  January  the  fog  was  dense,  and  the  Peacock 
and  PorpoUe  only  were  in  sight;  we  hove  to,  and  the  Peacock  and 
Porpoiee  were  ordered  to  stand  east  and  west,  in  order  to  intercept  the 
tender,  but  they  returned  without  success ;  we  also  fired  guns  in  hopes 
of  being  heard.  In  the  afternoon  I  deemed  it  useless  to  wait  any 
longer  for  her,  and  that  I  must  take  the  chance  of  fiEJling  in  with  her 
at  Uaoquarie  Island,  our  first  appointed  place  of  rendezvous — a  visit  to 
whioh  I  had  flattered  myself  might  have  been  avoided,  but  which  it 
became  neoessary  now  to  make.  We  accordingly  proceeded  on  our 
course  for  that  island,  with  all  sail  set.  This  separation  of  the  tender 
took  place  in  the  latitude  of  48^  S.,  and  she  was  not  again  seen  until  our 
return.  The  officers  and  crew  were  not  slow  in  assigning  to  the  Flying- 
FUh  a  similar  fate  with  her  unfortunate  mate  the  SeaguU.  Men-o -war's 
men  are  prone  to  prognosticate  evil,  and  on  this  occasion  they  were  not 
wanting  in  various  surmises.  Woeful  accounts  were  soon  afloat  of  the 
distress  the  schooner  was  in  when  last  seen — and  this  in  quite  a 
moderate  sea. 

The  barometer  now  began  to  assume  a  lower  range,  and  the  tempera- 
tare  to  £eJ1  below  50^  On  the  8rd,  the  fog  continuing  very  thick,  the 
Peaeoek  got  beyond  hearing  of  our  horns,  bells,  drums,  and  guns,  and 
was  parted  with.  This,  however,  I  did  not  now  regret  so  much,  as  it 
was  of  little  consequence  whether  we  sought  one  or  two  vessels  at  our 
rendezvous,  although  it  might  cause  a  longer  detention  there. 

The  wind  was  now  (5th  January)  veering  rapidly  to  the  north-west, 
with  some  thunder  and  lightning,  and  we  in  consequence  expected  the 
wind  to  haul  to  the  south-west,  but,  to  my  surprise,  it  went  back  to  the 
north-east,  with  thick  rainy  weather.  This  return  of  the  wind  to  its 
old  quarter  followed  a  fieJl  of  the  barometer  to  29*60  in.,  and  in  a  few 
hours  afterwards  to  29*30  in.,  while  the  weather  continued  moderate ;  a 
large  number  of  albatrosses,  Port  Egmont  hens,  and  petrels  were  seen. 

For  the  last  few  days  we  were  unable  to  get  any  observations,  but 
on  the  6th  we  were  favoured  with  a  sight  of  the  sun,  and  found  ourselves 
in  the  latitude  of  58''  80'  S.,  and  longitude  157''  85'  E.  Our  variation 
had  inoreased  to  fifteen  and-a-half  degrees  easterly.  This  being  a  fine 
day,  we  completed  our  calking  and  the  more  effectual  securing  of  the 
At  midnight  we  were  about  60  miles  from  Macquarie  Island. 

The  morning  of  the  7th  was  misty,  with  squally  weather.    A  heavy 

rising,  and  a  strong  gale  setting  in,  we  lost  sight  of  the  PorpoUe  for 
a  £b>w  hours.  Being  unable  to  see  beyond  an  eighth  of  a  mile,  it  was 
thought  imprudent  to  run,  for  fear  of  passing  the  islancl,  and  we  hove  to 
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to  await  its  moderating.  It  cleared  at  noon,  and  we  obtained  an  observa- 
tion, by  which  we  fonnd  ourselves  in  latitude  54°  20'  S.,  and  longitude 
160°  47'  E.  I  found  that  we  had  been  carried  to  the  eastward  upwards 
of  20  miles  in  less  than  18  hours ;  this,  with  the  wind  hauling  to  the 
south-west,  brought  us  to  leeward  of  the  island,  and  the  sea  and  wind 
increasing,  I  saw  it  was  useless  to  attempt  to  reach  it  without  great  loss 
of  time.  I  therefore  bore  off  to  the  southward  for  our  second  rendezvous, 
Emerald  Island,  or  its  supposed  locality. 

On  the  morning  of  the  8th  the  wind,  which  continued  from  the 
same  quarter,  with  heavy  cumulous  clouds,  began  to  moderate,  and  we 
were  enabled  to  make  more  sail.  By  our  observations  we  found  a 
current  setting  to  the  south-east,  of  one  mile  an  hour.  Our  longitude 
was  162°  13'  E.,  latitude  65°  38'  S. ;  the  barometer  stood  at  30-00  in., 
the  temperature  had  fallen  to  38° ;  and  this  change,  on  account  of  the 
rawness  of  the  air,  was  much  felt  by  the  crew. 

During  the  9th  we  passed  the  site  of  Emerald  Isle,  situate,  as  has 
been  stated,  in  latitude  57°  15'  S.,  and  longitude  162°  30'  E.,  but  saw 
nothing  of  it,  nor  any  indications  of  land,  which  I  therefore  infer  does 
not  exist  in  the  locality  where  it  is  laid  down.  We  again  experieneod 
the  south-east  current  of  20  miles  a  day.  Our  variation  had  increased 
to  22  degrees  easterly.  Making  our  course  with  all  sail  set,  the  Parpaite 
in  company,  we  passed  to-day  some  pieces  of  kelp.  The  temperature 
continued  at  38° ;  numerous  flocks  of  grey  petrels  around  us. 

The  loth  we  encountered  the  first  iceberg,  and  the  temperature  of 
the  water  fell  to  32°.  We  passed  close  to  it,  and  found  it  a  mile  long 
and  180  feet  in  height.  We  had  now  reached  the  latitude  of  61°  08'  S., 
and  longitude  162°  32'  E.  The  current  to-day  set  in  the  same  direction 
as  before,  about  half-a-mile  per  hour.  The  second  iceberg  was  30  miles, 
and  the  third  about  55  miles  south  of  the  first.  These  ice-islands  were 
apparently  much  worn  by  the  sea  into  cavities,  exhibiting  fissures  as 
though  they  were  ready  to  be  rent  asunder,  and  showed  an  apparent 
stratification,  much  inclined  to  the  horizon.  The  weather  now  became 
misty,  and  we  had  occasionally  a  little  snow ;  I  congratulated  myself 
that  we  had  but  few  on  the  sick  list  and  all  were  in  high  spirits  at  the 
novelty  of  the  cruise.  We  continued  to  meet  icebergs  of  different 
heights,  some  of  which,  though  inclined  to  the  horizon,  had  a  plane 
upper  surface. 

11th.  The  fair  wind  from  the  north-west  (accompanied  with  a  light 
mist,  rendering  objects  on  the  horizon  indistinct)  still  enabled  us  to 
pursue  our  courses  southerly.  Icebergs  became  so  numerous  as  to 
compel  us  occasionally  to  change  our  course.  They  continued  of  the 
same  character,  with  caverns  worn  in  their  perpendicular  sides,  and 
with  flat  tops,  but  the  latter  were  now  on  a  line  with  the  horizon. 
Towards  6  p.m.  we  began  to  perceive  smaller  pieces  of  ice,  some  of 
which  were  not  more  than  an  eighth  of  a  mile  in  length,  floating  as  it 
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were  in  small  patohes.  As  the  icebergs  inoreased  in  number  the  sea 
became  smoother,  and  there  was  no  apparent  motion.  .  Between  8  and  9 
pjn.  a  low  point  of  ice  was  perceived  ahead,  and  in  a  short  time  we 
passed  within  it.  There  was  now  a  large  bay  before  ns.  As  the  vessel 
moved  rapidly,  at  10.30  p.m.  we  had  reached  its  extreme  limits,  and 
found  our  farther  progress  entirely  stopped  by  a  compact  barrier  of  ice, 
enclosing  large  square  icebergs.  The  barrier  consisted  of  masses  closely 
packed,  and  of  every  variety  of  shape  and  size.  We  hove  to  until  full 
daylight ;  the  night  was  beautiful,  and  everything  seemed  sunk  in  sleep, 
except  the  sound  of  the  distant  and  low  rustling  of  the  ice  that  now  and 
then  met  the  ear.  We  had  now  reached  the  latitude  of  64^  11'  S., 
longitude  164°  30'  E.,  and  found  our  variation  22  degrees  easterly.  One 
and  all  felt  disappointed,  for  we  had  flattered  ourselves  that  the  way 
was  open  for  further  progress  to  the  southward,  and  had  imbibed  the 
impression  (from  the  extraordinary  weather  we  had  at  Sydney,  and  the 
reports  of  icebergs  having  been  seen  farther  to  the  northward  than  usual, 
by  all  the  vessels  arriving)  that  the  season  would  be  an  open  one.  What 
surprised  me  most  was  a  change  in  the  colour  of  the  water  to  an  olive- 
green,  and  some  faint  appearances  resembling  distant  land ;  but  as  it 
was  twilight,  and  I  did  not  believe  the  thing  credible,  I  put  no  faith  in 
these  indications,  although  some  of  the  officers  were  confident  they  were 
not  occasioned  by  icebergs.  The  barometer  stood  at  29*200  in.;  the 
temperature  of  the  air  33^  water  32^  We  lay  to  until  4  o'clock.  As  it 
grew  light,  on  the  12th,  a  fog  set  in  so  thick  that  we  lost  sight  of  the 
Porpaitej  and  could  not  hear  any  answer  to  our  signals.  I  therefore 
determined  to  work  along  the  barrier  to  the  westward. 

We  were  all  day  beating  in  a  thick  fog,  with  the  barrier  of  ice  close 
to  us,  and  occasionally  in  tacking  brought  it  under  our  bow ;  at  other 
times  we  were  almost  in  contact  with  icebergs.  During  the  whole  day 
we  could  not  see  at  any  time  farther  than  a  quarter  of  a  mile,  and 
seldom  more  than  the  ship's  length.  The  fog,  or  rather  thick  mist, 
was  forming  in  ice  on  our  rigging.  From  the  novelty  of  our  situation, 
and  the  excitement  produced  by  it,  we  did  not  think  of  the  danger.  I 
shall  now  leave  the  Vincennes  and  Porpoise  pursuing  their  course  to  the 
westward  with  a  head  wind,  and  bring  the  Peacock  up  to  the  barrier. 

Previously  to  parting  company  on  the  3rd  of  January,  the  crew  of  that 
ship  had  also  been  engaged  in  building  hurricane-houses,  calking  and 
chintang,  to  secure  them  from  the  wet  and  cold.  After  parting  com- 
pany, Captain  Hudson  immediately  steered  for  the  first  rendezvous, 
Maoquarie  Island,  and  was  more  fortunate  than  we  were  in  reaching  it, 
although  the  Peacock  had  experienced  the  same  kind  of  weather  that  we 
had,  and  currents  setting  to  the  eastward. 

On  approaching  the  island  they  discovered  large  patches  of  kelp,  and 
■aw  nomerous  procellaria  and  albatrosses  about  the  ship.  On  the  10th 
of  January  they  made  the  island,  and  observed  a  reef  of  rocks  extending 


866  THE   ABTAKCTIC  HANUAU 

tbree-qnartera  of  a  mile  off  its  south  end.  Faasmg  within  a  short 
distance  of  it,  they  did  not  obserre  any  of  the  signals  of  the  Gqnadron 
flying  as  they  had  anticipated.  They,  notwithstanding,  stood  in, 
lowered  a  boat,  and  despatched  several  officers  to  pat  up  the  signal, 
make  experimentB,  and  collect  specimens.  The  boat  approached  an 
indentation  on  the  west  side,  too  open  to  be  called  a  bay,  and  foond  that 


the  snrf  was  running  high,  and  beating  with  great  violence  agEunst  the 
rocks,  which,  together  with  the  kelp,  rendered  it  dangerous  to  attempt 
landing.  They  made  for  several  other  plaoee  which  looked  &vourable 
at  a  distance,  but  on  approaching  them,  they  were  found  even  less  aooes- 
sible.  The  boat  then  returned  to  the  first  place  to  make  another 
attempt,  which  was  attended  with  great  difficulty.  The  boat's  anchor 
was  dropped,  and  she  was  backed  in  with  great  caation  to  the  edge  of 
the  rollers;  the  surf  was  very  high,  and  rolled  in  with  a  noise  like 
thunder,  breaking  furiously  upon  the  rocks,  bo  as  to  make  the  boat  fairly 
tremble,  and  threatening  every  moment  to  overwhelm  her ;  once  or 
twice  she  was  prevented  Irom  getting  broadside-to  by  hauling  out 
towards  her  anchor.  At  length,  after  a  dozen  fruitless  attempts,  and  await- 
ing a  favourable  opportunity,  Mr.  Eld,  and  a  quarter-mafiter,  saooeeded 
in  getting  ashore,  but  not  without  being  immersed  up  to  their  breasts. 
It  was  found  impoBsible  to  land  any  instruments,  and  the  quarter-master 
was  despatched  to  erect  the  necessary  signals,  while  Hr.  Eld  proceeded 
to  visit  the  penguin-rookery  not  far  distant.  On  approaching  the 
island  it  had  appeared  to  be  covered  with  white  spots ;  these  excited  oon- 
jecture,  but  after  landing,  the  exhalations  rendered  it  not  long  doubtful 
that  it  was  birdlime. 

Mr.  Eld,  in  his  journal,  gives  the  following  account  of  his  visit : — 
"  Although  I  had  heard  so  often  of  the  great  quantity  of  birds  on  the 
uninhabited  islands,  I  was  not  prepared  to  see  them  in  such  myriads  as 
here.  The  whole  sides  of  the  ragged  hills  were  literally  oovOTod  with 
them.  Having  passed  a  deep  fissure  in  the  rocks,  I  ascended  a  orag  that 
led  to  what  I  thought  was  their  principal  rooat,  and  at  every  step  my 
astonishment  inci'cased.  Such  a  din  of  squeaking,  squalling,  and 
gabbling  I  never  before  heard,  or  dreamed  could  be  made  by  any  of  the 
feathered  tribe.  It  was  impossible  to  hear  one's  self  speak.  It  appeared 
OS  if  everyone  was  vying  with  his  neighbour  to  make  the  greatest 
possible  noise.    X  soon  found  my  presence  particularly  displeased  them. 
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for  they  snapped  at  me  in  all  direotions,  catohing  hold  of  my  tronBen, 
ehaldng  and  pinching  my  flesh  bo  violently  as  to  make  me  flinoh  and 
stand  upon  the  defensive.  As  we  wanted  a  number  of  speoimens,  I 
oommenoed  kicking  them  down  the  precipioe,  and  knocked  on  the  head 
those  which  had  the  temerity  to  attack  me.  After  having  collected  a 
number,  and  a  few  eggs,  I  laid  them  aside,  whilst  I  ascended  higher  on 
the  hilL  I  had  not  left  them  more  than  eighteen  feet,  before  two 
albatrosses  came  down  and  commenced  picking  at  the  dead  birds  I  had 
just  kiUed,  but  not  being  able  to  make  any  impression  upon  them,  delibe- 
rately picked  up  two  of  the  eggs  with  their  beaks,  and,  in  spite  of  my 
efforts  to  prevent  it,  flew  away  with  them.  The  eggs  were  about  the 
sise  of  a  goose's ;  the  original  colour  seemed  to  have  been  white,  but 
they  were  so  dirty  that  it  was  difficult  to  say  with  certainty.  They 
were  no  doubt  the  eggs  of  a  penguin,  as  I  took  them  out  of  their  nest, 
which  was  only  a  small  place  scratched  in  the  earth,  just  big  enough  to 
hold  one  or  .two  eggs,  with  little  or  no  grass,  sticks,  or  anything  else  to 
form  a  nest  of.  I  afterwards  picked  up  a  number  of  these  eggs,  and 
mother  was  found  of  the  size  of  a  hen's  egg,  white,  with  a  slight 
tinge  of  green.  On  mounting  still  higher,  which  was  very  steep,  and 
composed  of  volcanic  rock,  loose  stones,  and  a  little  soil  mixed  with 
birdlime,  I  found  that  there  were  more  of  these  birds  than  I  anticipated. 
The  nests  were  within  two  feet  of  each  other,  with  one  or  two  young 
ones  in  each;  one  of  the  old  ones  watching  and  sitting  on  the  nest, 
whilst  the  young  were  trying  ineffectually  to  nestle  themselves 
under  the  small  wings  of  the  old  ones.  The  appearance  of  the  young 
was  not  unlike  that  of  goslings,  being  covered  with  a  dark  thick  down. 

'*  These  penguins  are  the  Eudyptes  chrytocome  ;  they  are  from  sixteen 
to  twenty  inches  in  height,  with  white  breast  and  nearly  black  back, 
the  rest  being  of  a  dark  dove-colour,  with  the  exception  of  the  head, 
which  is  adorned  on  each  side  with  four  or  five  yellow  feathers,  three  or 
four  inches  long,  looking  like  graceful  plumes.  The  birds  stand  erect 
in  rows,  which  gives  them  the  appearance  of  Liliputian  soldiers.  The 
sight  was  novel  and  beautiful,  and  had  it  not  been  for  the  gabble — 
enough  to  deafen  me-— I  could  have  stayed  much  longer.  It  was  now 
time  to  return  to  the  boat,  when  it  occurred  to  me  that  live  birds  would 
be  preferable  to  the  dead ;  so,  throwing  the  latter  down,  I  seized  one 
old  and  a  couple  of  young  ones,  and  with  three  or  four  eggs  in  my  cap, 
made  the  best  of  my  way  to  the  boat.  It  was  now  fonnd  impossible  to 
hand  them  on  board,  and  not  willing  to  surrender  my  prize,  a  lead-line 
was  thrown  me  from  the  boat,  but  did  not  come  near  enough,  and  in  my 
attempts  to  get  it,  I  was  overtaken  by  a  sea,  and  was  thrown  violently 
against  the  rocks  among  the  kelp,  and  just  made  out  to  crawl  on 
hands  and  knees  beyond  the  reach  of  the  returning  sea,  somewhat 
bmisedi  wet,  and  benumbed  with  the  cold." 

At  this  juncture,  the  quarter-master  returned  with  a  large  species  of 
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penguin  over  his  shonlders,  but  without  the  crown  of  feathers  on  his 
head.  He  desoribed  a  similar  rookery,  and  also  saw  some  green 
paroquets  with  a  small  red  spot  on  the  head,  and  an  oblong  slaty  or 
purple  spot  at  the  root  of  the  bill,  and  with  straight  beaks.  ^  Mr.  Eld 
was  too  much  exhausted  to  return  with  him  to  get  specimens,  and  the 
hour  being  late,  it  was  necessary  to  return  to  the  boat,  which  had  been 
waiting  for  some  time  for  them.  The  quarter-master  succeeded  in 
getting  his  penguins  to  the  boat,  but  Mr.  Eld's  began  floundering  about, 
and  although  their  legs  were  tied,  managed  to  get  into  the  water,  where 
they  were  at  home,  and  were  soon  out  of  reach.  The  tying  of  the  legs, 
did  not  seem  any  impediment  to  their  exertions  in  the  water,  and  thus 
several  interesting  specimens  of  natural  history  were  lost,  the  trouble 
that  it  cost  making  them  doubly  valuable.  With  great  difficulty  Mr. 
Eld  reached  the  boat,  for  having  again  missed  his  foothold,  he  fell  among 
the  kelp,  but  by  the  timely  aid  of  those  on  board  he  was  rescued.  After 
an  hour's  tug  at  their  oars  they  reached  the  ship  in  safety.  During 
their  absence  the  ship  sounded  with  a  line  of  three  hundred  fathoms, 
two  and  a-half  miles  from  the  shore,  but  no  bottom  was  found.  The 
temperature  of  the  water  at  the  surface  was  43^,  and  at  300  fEkthoms 
deep  39°.  The  current  was  tried,  but  none  found.  The  south  end  of 
Macquarie  Island  lies  in  latitude  54°  44'  S.,  and  longitude  159°  49'  E. 
The  island  is  high  and  much  broken ;  it  is  apparently  covered  with 
verdure,  although  a  long,  tufted  rank  grass  was  the  only  plant  seen  by 
those  who  landed. 

The  highest  peak  on  the  island  is  from  1200  to  1500  feet  high,  and 
as  far  as  our  observations  extended,  it  had  neither  tree  nor  shrub  on  it. 
At  6  p.m.  the  ship  filled  away,  and  at  eight  was  abreast  of  the  Bishop 
and  Clerk.  Macquarie  Island  affords  no  inducement  for  a  visit,  and  as 
far  as  our  examination  went,  has  no  suitable  place  for  landing  with  a 
boat.  The  only  thing  I  had  to  regret  was  not  being  able  to  make  it  a 
magnetic  station. 

On  the  11th  and  12th  nothing  particular  occurred  on  board  the 
Peacock,  All  sail  was  set,  and  running  to  the  southward  on  the  13th, 
in  latitude  61°  30'  S.,  longitude  161°  06'  E.,  the  first  ice-islands  were 
seen ;  the  dip  was  observed  with  Lloyd's  and  Dolland's  needles,  which 
made  it  86°  53'.  There  was  no  occasion  on  the  night  of  the  Idth  to 
light  the  binnacle-lamps,  as  newspaper  print  could  be  read  with  ease  at 
midnight.  On  the  I4th,  while  still  making  much  progress  to  the  south, 
and  passing  occasionally  icebergs  and  brash  ice,  the  water  appeared 
somewhat  discoloured.  Eobinson's,  Lloyd's,  and  Dolland's  needles  gave, 
the  same  day,  in  the  cabin,  86°  37'  for  the  dip,  and  in  the  ward*room 
86°  46'.    Albatrosses,  Gape  pigeons,  and  other  birds  about. 

On  the  15th  they  passed  many  ice-islands.  The  weather  was  thick, 
and  snow  fell  at  intervals;  the  wind  continued  from  the  westward. 
Many  whales  were  seen;   albatrosses,  petrels,  and  Cape  pigeons  were 
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frequent  about  the  ship.  At  4  p.m.  the  mist  raised  a  little,  and  to 
their  surprise  they  saw  a  perfect  barrier  of  ice  extending  to  the  south- 
westy  witii  several  large  icebergs  enclosed  within  it ;  shortly  after  they 
discovered  a  sail,  which  proved  to  be  the  Porpoise, 

The  Vincennes  and  Porpoise  were  left  in  our  narrative  near  the  icy 
barrier,  separated  by  the  fogs  and  mists  that  prevailed  at  times.  The 
Porpoise^  on  the  13th,  in  latitude  65°  08'  S.,  longitude  163°  E.,  discovered 
several  sea-elephants  on  the  ice,  and  sent  a  boat  to  capture  them,  but 
without  success.  The  current  was  tried,  and  found  to  set  west  one- 
fifth  of  a  mile  per  hour.  Some  time  afterwards,  seeing  some  sea- 
elephants  near  the  edge  of  the  ice,  a  boat  was  sent,  and  succeeded  in 
capturing  a  female.  From  the  numerous  sea-elephants,  and  the  # 
discoloration  of  the  water  and  ice,  they  were  strongly  impressed  with 
the  idea  of  land  being  in  the  vicinity,  but  on  sounding  with  100  fathoms 
no  bottom  was  found.  Lieutenant-Commandant  Binggold  felt  con- 
vinced, &om  the  above  circumstances,  and  the  report  that  penguins  were 
heard,  that  land  was  near,  and  thought  he  could  discern  to  the  south- 
east something  like  distant  mountains.  A  nearer  approach  was  impos- 
sible^  as  they  were  then  in  actual  contact  with  the  icy  barrier. 

On  the  14th,  at  3  p.m.,  the  water  being  still  discoloured,  tried  sound-* 
ings,  but  found  no  bottom. 

Two  sea-elephants  were  seen  lying  motionless  on  the  ice.  On  being 
flhot  at,  the  animal  would  raise  its  head  and  look  around  for  an  instant,, 
and  then  resume  its  former  posture.  Boats  were  lowered,  when  they  were 
captured  and  brought  on  board :  they  proved  to  be  the  Phoca  prchoacidea. 
Dr.  Holmes  examined  their  stomachs,  and  found  nothing  but  well- 
digested  food.    Their  dimensions  were  as  follows : — 

ft.    in. 

Totallengib 10    9 

L6ng:th  of  posterior  flipper 19 

Length  of  flippers 2    4 

Circumferenoe  of  largest  part  of  body       6    3 

This  was  a  young  female.  The  other  was  taken  afterwards;  he 
measured — 

ft.  Id. 

In  length 8    6 

Greatest  drcomferenoe  behind  anterior  flipper        ..       5    0 

Length  of  flippers 15 

Breadth 15 

On  the  15th  the  Peacock  and  Porpoise  were  in  company ;  the  speci- 
mens of  sea-elephants  were  put  on  board  the  Peacock,  and  after  having 
had  communication  with  each  other  the  vessels  again  separated,  stand- 
ing on  opposite  tacks. 

On  the  16th  the  three  vessels  were  in  longitude  157°  46'  E.,  and  all 
within  a  short  distance  of  each  other.  The  water  was  much  discoloured, 
and  many  albatrosses,  Gape  pigeons,  and  petrels  were  seen  about  the 

2   B 
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ships.  On  board  the  Vincennes  we  sounded  with  230  fathoms  and  found 
no  bottom ;  the  water  had  the  appearance  of  an  olive-green  colour,  as 
if  but  40  and  50  fathoms  deep.  At  the  surfleM^e  its  temperature  was 
32°,  at  the  depth  sounded,  31°.  I  should  have  tried  for  a  deeper  oast, 
but  the  line  was  seen  to  be  stranded,  when  we  were  obliged  to  stop ;  we 
fortunately  saved  our  apparatus,  with  Six's  thermometers. 

On  this  day  (16th  January)  appearances  believed  at  the  time  to  be 
land  were  visible  from  all  the  three  vessels,  and  the  comparison  of  the 
three  observations,  when  taken  in  connection  with  the  more  positive 
proofs  of  its  existence  afterwards  obtained,  has  left  no  doubt  that  the 
appearance  was  not  deceptive.  From  this  day,  therefore,  we  date  the 
*   discovery  which  is  claimed  for  the  squadron. 

On  board  the  Peacock,  it  appears  that  Passed  Midshipmen  Eld  and 
Beynolds  both  saw  the  land  from  the  masthead  and  reported  it  to  Captain 
Hudson :  he  was  well  satisfied,  on  examination,  that  the  appearance  was 
totally  distinct  from  that  of  ice-islands,  and  a  majority  of  the  officers 
and  men  were  also  satisfied  that  if  land  could  exist,  that  was  it.  I 
mention  particularly  the  names  of  these  two  gentlemen,  because  they 
have  stated  the  same  fact  under  oath,  before  the  court-martial,  after  our 
return. 

On  board  the  Porpoise^  Lieutenant-Commandant  Binggold  states  that 
"  he  went  aloft  in  the  afternoon,  the  weather  being  clear  and  fine,  the 
horizon  good,  and  clouds  lofty ;  that  he  saw  over  the  field-ice  an  object, 
large,  dark,  and  rounding,  resembling  a  mountain  in  the  distance ;  the 
icebergs  were  all  light  and  brilliant,  and  in  great  contrast."  He  goes 
on  to  say,  in  his  report,  '*  I  watched  for  an  hour  to  see  if  the  sun  in  his 
decline  would  change  the  colour  of  the  object :  it  remained  the  same, 
with  a  white  cloud  above,  similar  to  that  hovering  over  high  land.  At 
sunset  the  appearance  remained  the  same.  I  took  the  bearings  accu- 
rately, intending  to  examine  it  closely  as  soon  as  we  got  a  breeze.  I  am 
thoroughly  of  opinion  it  is  an  island  surrounded  by  immense  fields  of 
ice.  The  Peacock  in  sight  to  the  southward  and  eastward  over  the  ice ; 
the  sun  set  at  a  few  minutes  before  ten;  soon  after,  a  light  air  from 
the  southward,  with  a  fog-bank  arising,  which  quickly  shut  out  the 
field-ice." 

In  Passed  Midshipman  Eld's  journal,  he  asserts  that  he  had  been 
several  times  to  the  masthead  during  the  day,  to  view  the  barrier ;  that 
it  was  not  only  a  barrier  of  ice  but  one  of  terra  firma.  Passed  Midship- 
man Beynolds  and  himself  exclaimed,  with  one  accord,  that  it  was  land. 
Not  trusting  to  the  naked  eye,  they  descended  for  spy-glasses,  which 
confirmed,  beyond  a  doubt,  their  first  impressions.  The  mountains  could 
be  distinctly  seen,  over  the  field-ice  and  bergs,  stretching  to  the  south- 
west as  far  as  anything  could  be  discerned.  Two  peaks,  in  particular, 
were  very  distinct  (which  I  have  named  after  those  two  officers),  riaing 
in  a  conical  form ;  and  others,  the  lower  parts  of  which  were  quite  as 
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distinot,  bnt  whose  snmmito  were  lost  in  light  fleecy  donclB.  Few  cIondB 
were  to  he  seen  in  any  other  direction,  for  the  weather  wag  remarkably 
dear.  The  Bun  ahone  brightly,  on  ridge  after  ridge,  whose  sides  were 
partially  bare ;  these  conneoted  the  eminenooB  I  have  just  spoken  of, 
which  must  be  from  1000  to  2000  feet  high.  Mr.  Eld  further  states, 
that  on  reporting  the  diaooTery  to  Captain  Hudson,  the  latter  replied 
that  there  was  no  donbt  of  it,  and  that  he  believed  that  most  of  the  ioe- 
bergs  then  in  sight  were  (ground.  At  this  time  they  were  oloae  in  with 
the  barrier,  and  oonld  approach  no  nearer.  On  this  day  the  Peaeock  got 
a  oast  of  the  deep-sea  lead,  with  Six's  thermometer  attached,  to  the  depth 
of  850  fathoms,  only  a  short  distance  from  the  barrier  ;  the  temperature 
of  the  surface  was  31°,  and  at  the  depth  sounded  Zlif" ;  current  one-fourth 
of  a  mile,  north-by-east. 

The  log-book  of  the  Porpoue  has  also  this  notice  in  it :  "  From  six  to 
eight,  calm  and  pleasant,  took  in  studding-sails;  at  seven  set  maintop- 
gallant  atudding-sail ;  disoovered  what  we  took  to  be  an  island,  bearing 
Bovth-by-east ;  a  great  deal  of  field-ice  in  sight ;  noticed  penguins  around 
the  brig. —(Signed)  T.  H.  Nobth."  Dr.  Holmes,  on  the  same  evening, 
noted  in  his  journal  a  marked  appearance  of  land. 

On  board  the  Tinemnu  there  was  on  the  same  da;  much  excitement 
among  the  crew.  All  eagerly  watched  the  flight  of  birds,  tt^ther  with 
the  whales  and  penguins,  and  spoke  of  the  proximity  of  land,  which, 
from  the  appearance  of  never-iailing  sigus,  oould  aoarcely  be  doubted. 
The  following  is  a  sketch  which  I  made  of  what  I  myself  saw,  and  have 


or  Lixo  un>  ruLD-ioi. 


called  Ringgold's  Knoll,  on  the  chart,  and  which  at  the  same  time  will 
■lurw  the  field-ioe*  as  it  appeared. 

.  •  This  night  we  were  beating  with  frequent  taoks,  in  order  to  gain  as 
much  southing  as  possible.    Previous  to  its  beooming  broad  daj'light 

*  Tha  fiald-ice  ii  oompoaed  of  a  Tiut  aomber  of  piecea,  T«r;iDK  In  site,  and  aepaiated 
Env  «Ba  inotber,  the  loDg  iwell  keeping  tlie  oatet  ones  ^waji  in  motioa.  The  anKllest 
pisM*  were  ftbont  6  feet  in  diameter,  vhilo  the  largest  Bomeliniea  exceeded  SOO  or 
4M  I<mL  Their  depth  below  the  surface  variea  still  more,  and  some  appear  to  be  soft, 
irhll*  othen  were  bard  and  compact.  The  depth  of  thtse  doea  not  probably  io  any 
OM*  eseeed  20  feet  Hoit  of  them,  and  partionlarly  the  larger  on««,  bad  a  oatering  of 
■fcoHt  IS  inohea  of  mow.  The  whole  at  a  diataace  appeared  like  a  vait  terel  field, 
bxk^  np  a*  tt  were  bj  tbe  plough,  and  preaeoting  abapeleaa  angular  mainri  of  erezj 
paalbia  Agnn,  while  hem  and  there  a  table-topped  iceberg  waa  enclosed. 
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tlie  fog  rendered  everytliing  obscure,  even  at  a  short  distance  from  the 
ship.  I  knew  that  we  were  in  close  proximity  to  icebergs  and  field-ice, 
but  from  the  report  of  the  look-out,  at  sunset,  believed  that  there  was  an 
opening  or  large  bay  leading  to  the  southward.  The  ship  had  rapid 
way  on  her,  and  was  much  tossed  about,  when  in  an  instant  all  was 
perfectly  still  and  quiet ;  the  transition  was  so  sudden  that  many  were 
awakened  by  it  from  sound  sleep,  and  all  well  knew,  from  the  short 
experience  we  had  had,  that  the  cessation  of  the  sound  and  motion 
usual  at  sea  was  a  proof  that  we  had  run  within  a  line  of  ice — an 
occurrence  from  which  the  feeling  of  great  danger  is  inseparable.  The 
watch  was  called  by  the  o£Bicer  of  the  deck,  to  be  in  readiness  to  execute 
such  orders  as  might  be  necessary  for  the  safety  of  the  ship.  Many  of 
those  from  below  were  seen  hurrying  up  the  hatches,  and  those  on  deck 
straining  their  eyes  to  discover  the  barrier  in  time  to  avoid  accident. 
The  ship  still  moving  rapidly  along,  some  faint  hope  remained  that  the 
bay  might  prove  a  deep  one,  and  enable  me  to  satisfy  my  sanguine 
hopes  and  belief  relative  to  the  land. 

The  feeling  is  awful,  and  the  uncertainty  most  trying  thus  to  enter 
within  the  icy  barrier  blindfolded  as  it  were  by  an  impenetrable  fog, 
and  the  thought  constantly  recurring  that  both  ship  and  crew  were  in 
imminent  danger ;  yet  I  was  satisfied  that  nothing  could  be  gained  bat 
by  pursuing  this  course.  On  we  kept,  until  it  was  reported  to  me,  by 
attentive  listeners,  that  they  heard  the  low  and  distant  rustling  of  the 
ice.  Suddenly  a  dozen  voices  proclaimed  the  barrier  to  be  in  sight,  just 
ahead.  The  ship,  which  a  moment  before  seemed  as  if  unpeopled,  from 
the  stillness  of  all  on  board,  was  instantly  alive  with  the  bustle  of 
performing  the  evolutions  necessary  to  bring  her  to  the  wind,  which 
was  unfavourable  to  a  return  on  the  same  track  by  which  we  had 
entered.  After  a  quarter  of  an  hour,  the  ice  was  again  made  ahead,  and 
the  full  danger  of  our  situation  was  realised.  The  ship  was  certainly 
embayed,  and  although  the  extent  of  sea-room  to  which  we  were  limited 
was  rendered  invisible  by  the  dark  and  murky  weather,  yet,  that  we 
were  closely  circumscribed  was  evident  from  having  made  the  ice  so 
soon  on  either  tack,  and  from  the  audible  rustling  around  us.  It 
required  several  hours  to  extricate  the  ship  from  this  bay. 

Few  are  able  to  estimate  the  feelings  that  such  an  occasion  causes  to 
a  commander,  who  has  the  responsibility  of  the  safety  of  ship  and  crew 
operating  as  a  heavy  weight  upon  his  heart,  and  producing  a  feeling  as 
if  on  the  verge  of  some  overwhelming  calamity.  All  tonds  to  satisfy 
him  that  nothing  could  guide  him  in  safety  through  or  shield  from 
destruction  those  who  have  been  entrusted  to  his  charge  but  the  hand 
of  an  all-wise  Providence. 

17th. — In  the  morning  we  discovered  a  ship,  apparently  within  a 
mile  of  us,  to  which  we  made  signal  and  fired  a  gun,  but  she  was  shortly 
after  lost  sight  of.    We  also  saw  the  brig  to  the  eastward,  close  to  the 
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barrier  of  ice.  In  the  afternoon  we  spoke  the  Peacock,  She  had  not 
Been  ns  in  the  morning,  and  I  should  be  disposed  to  believe  that  the 
oanse  of  her  image  appearing  so  close  to  us  in  the  morning  was  produced 
by  refraction  above  a  low  fog-bank ;  but  the  usual  accompaniment  of 
tnoh  phenomena  (a  difference  of  temperature  below  and  aloft)  did  not 
exist. 

I  now  desired  Captain  Hudson  to  make  the  best  use  of  his  time  in 
exploring,  as  to  attempt  to  keep  company  would  only  impede  our 
progress,  and,  without  adding  to  our  safety,  might  prevent  the  oppor- 
tunity of  examining  the  barrier  for  an  opening.  I  was  also  satisfied 
that  the  separation  would  be  a  strong  incentive  to  exertion,  by  exciting 
rivalry  among  the  officers  and  crews  of  the  different  vessels.  This  day 
at  noon  we  were  in  latitude  eff*  2(y  S.,  longitude  IdG''  02^  E.  Many 
petrels,  albatrosses,  a  few  whales,  and  a  seal  were  seen  from  the  ship, 
and  the  water  was  quite  green. 

ISih, — The  weather  this  day  was  variable,  with  light  westerly  winds ; 
the  temperature  of  air  and  water  32^  Occasional  squalls  of  snow  and 
mist  occurred,  but  it  was  at  times  clear.  The  water  was  still  olive- 
green,  and  the  other  vessels  occasionally  in  sight,  beating  to  windward. 

On  the  morning  of  the  19th  we  found  ourselves  in  a  deep  bay,  and 
discoTered  the  Peacock  standing  to  the  south-west.  Until  8  a.m.  we 
had  a  moderate  breeze.  The  water  was  of  a  darker  olive-green,  and 
had  a  muddy  appearance.  Land  was  now  certainly  visible  from  the 
VheenMeBj  both  to  the  south-south-east  and  south-west,  in  the  former 
direction  most  distinctly.  Both  appeared  high.  It  was  between  eight 
and  nine  in  the  morning  when  I  was  fully  satisfied  that  it  was  certainly 
land,  and  my  own  opinion  was  confirmed  by  that  of  some  of  the  oldest 
and  most  experienced  seamen  on  board.  The  officer  of  the  morning 
watch.  Lieutenant  Alden,  sent  twice  and  called  my  attention  to  it.  We 
were  at  this  time  in  longitude  154''  30'  E.,  latitude  66""  20'  S. ;  the  day 
was  fine  and  at  times  quite  clear,  with  light  winds.  After  divine 
service,  I  still  saw  the  outline  of  the  land,  unchanged  in  form,  but  not  so 
distinct  as  in  the  morning.  By  noon  I  found  we  were  sagging  on  to  the 
barrier ;  the  boats  were  lowered  in  consequence,  and  the  ship  towed  off. 
The  report  from  aloft  was,  *'  A  continued  bcorier  of  ice  around  the  bay, 
and  no  opening  to  be  seen,  having  the  western  point  of  it  bearing  to 
the  northward  of  west  of  us."  I  stood  to  the  westward  to  pass 
aioond  it,  fully  assured  that  the  Peacock  would  explore  all  the  outline 
of  the  bay. 

The  Ptfocoeib,  at  3  b.  30  m.,  according  to  Captain  Hudson's  journal, 
lui^ii^g  got  into  the  drift-ice,  with  a  barrier  still  ahead  to  the  west, 
taoked  to  the  south-east  to  work  up  for  an  immense  mass,  which  bad 
ereiy  appearance  of  land,  and  which  was  believed  to  be  such  by  all  on 
board.  It  was  seen  far  beyond  and  towering  above  an  ice-island  that 
from  150  to  200  feet  in  height.     It  bore  from  them  about  south- 
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west,*  and  liad  the  appearance  of  being  3000  feet  in  height,  forming  a 
sort  of  amphitheatre,  looking  grey  and  dark,  and  divided  into  two 
distinct  ridges  or  elevations  throughout  its  entire  extent,  the  whole  being 
covered  with  snow.  As  there  was  no  probability  of  getting  nearer  to 
it  in  this  quarter,  they  stood  out  of  the  bay,  which  was  about  twenty 
miles  deep,  to  proceed  to  the  westward,  hoping  to  get  an  opportunity 
to  approach  the  object  more  closely  on  the  other  side. 

We  had  a  beautiful  and  unusual  sight  presented  to  us  this  night : 
the  sun  and  moon  both  appeared  above  the  horizon  at  the  same  time, 
and  each  throwing  ite  light  abroad.  The  latter  was  nearly  full.  The 
former  illuminated  the  icebergs  and  distant  continent  with  his  deep 
golden  rays ;  while  the  latter,  in  the  opposite  horizon,  tinged  with 
silvery  light  the  clouds  in  its  immediate  neighbourhood.  There  now 
being  no  doubt  in  any  mind  of  the  discovery  of  land,  it  gave  an  er- 
citing  interest  to  the  cruise,  that  appeared  to  set  aside  all  thought  of 
fiEitigue,  and  to  make  every  one  willing  to  encounter  any  difficulty  to 
effect  a  landing. 

20th, — This  day,  on  board  the  Peacock,  they  witnessed  a  sea-fight 
between  a  whale  and  one  of  its  many  enemies.  The  sea  was  quite 
smooth,  and  offered  the  best  possible  view  of  the  whole  combat.  First, 
at  a  distance  from  the  ship,  a  whale  was  seen  fioundering  in  a  most 
extraordinary  way,  lashing  the  smooth  sea  into  a  perfect  foam,  and 
endeavouring  apparently  to  extricate  himself  from  some  annoyance.  As 
he  approached  the  ship,  the  struggle  continuing  and  becoming  more 
violent,  it  was  perceived  that  a  fish,  apparently  about  20  feet  long,  held 
him  by  the  jaw,  his  contortions,  spouting,  and  throes,  all  betokening  the 
agony  of  the  huge  monster.  The  whale  now  threw  himself  at  full 
length  from  the  water  with  open  mouth,  his  pursuer  still  hanging  to 
the  jaw,  the  blood  issuing  from  the  wound  and  dyeing  the  sea  to  a  dis- 
tance around ;  but  all  his  flounderings  were  of  no  avail ;  his  pertinacious 
enemy  still  maintained  bis  hold,  and  was  evidently  getting  the  advan- 
tage of  him.  Much  alarm  seemed  to  be  felt  by  the  many  other  whales 
around.  These  "  killers,"  as  they  are  called,  are  of  a  brownish  colour  on 
the  back  and  white  on  the  belly,  with  a  long  dorsal  fin.  Such  was  the 
turbulence  with  which  they  passed,  that  a  good  view  could  not  be  had 
of  them  to  make  out  more  nearly  the  description.  These  fish  attack  a 
whale  in  the  same  way  as  dogs  bait  a  bull,  and  worry  him  to  death 
They  are  armed  with  strong  sharp  teeth,  and  generally  seize  the  whale 
by  the  lower  jaw.  It  is  said  that  the  only  part  of  them  they  eat  is  the 
tongue.  The  whalers  give  some  marvellous  accounts  of  these  killers, 
and  of  their  immensS  strength,  among  them,  that  they  have  been  known 
to  drag  a  whale  away  from  several  boats  which  were  towing  it  to  the 
ship. 

There  was  a  great  quantity  of  animalcules  in  the  water,  and  some 
*  Sketches  of  this  land  will  be  seen  in  the  atlas  on  the  chart  of  Antarotio  Oonthieiit 
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large  squids  (MedusaB),  and  quantities  of  shrimp  were  frequently  seen 
about  the  icebergs;  these  are  no  doubt  the  attractions  which  bring 
whales  to  frequent  these  seas. 

The  last  two  days  we  had  very  many  beautiful  snow-white  petrels 
about.  The  character  of  the  ice  had  now  become  entirely  changed, 
The  tabular-formed  icebergs  prevailed,  and  there  was  comparatively 
little  field-ice.  Some  of  the  bergs  were  of  magnificent  dimensions,  one- 
third  of  a  mile  in  length,  and  from  150  to  200  feet  in  height,  with  sides 
perfectly  smooth,  as  though  they  had  been  chiselled.  Others,  again, 
exhibited  lofty  arches  of  many-coloured  tints,  leading  into  deep  caverns, 
open  to  the  swell  of  the  sea,  which,  rushing  in,  produced  loud  and 
distant  thunderings.  The  flight  of  birds  passing  in  and  out  of  these 
caverns  recalled  the  recollection  of  ruined  abbeys,  castles,  and  caves, 
while  here  and  there  a  bold  projecting  bluff,  crowned  with  pinnacles 
and  turrets,  resembled  some  Gothic  keep.  A  little  farther  onwards  would 
be  seen  a  vast  fissure,  as  if  some  powerful  force  had  rent  in  twain  these 
mighty  masses.  Every  noise  on  board,  even  our  own  voices,  reverberated 
from  the  massive  and  pure  white  walls.  These  tabular  bergs  are  like 
masses  of  beautiful  alabaster ;  a  verbal  description  of  them  can  do  little 
to  convey  the  reality  to  the  imagination  of  one  who  has  not  been  among 
them.  If  an  immense  city  of  ruined  alabaster  palaces  can  be  imagined,. 
of  every  variety  of  shape  and  tint,  and  composed  of  huge  piles  of  builds 
ings  grouped  together,  with  long  lanes  or  streets  winding  irregularly 
through  them,  some  faint  idea  may  be  formed  of  the  grandeur  and  beauty 
of  the  spectacle.  The  time  and  circumstances  under  which  we  were 
viewing  them,  threading  our  way  through  these  vast  bergs,  we  knew  not 
to  what  end,  left  an  impression  upon  me  of  these  icy  and  desolate  regions 
that  can  never  be  forgotten. 

22nd. — It  was  now,  during  fine  weather,  one  continued  day ;  but  we 
had  oooasional  snow-squalls  that  produced  an  obscurity  that  was  tanta- 
lising. The  bergs  were  so  vast  and  inaccessible  that  there  was  no 
possibility  of  landing  upon  them. 

The  Peacock  and  Porpoise  were  in  sight  of  each  other  this  day.  A 
large  number  of  whales,  albatrosses,  petrels,  penguins,  &q.,  were  seen 
around,  and  a  flock  of  ducks  was  also  reported  as  having  been  seen  from 
the  VineenneSj  as  well  as  several  seals.  The  effect  of  sunrise,  at  a  little 
after  2  a.m.  on  the  23rd,  was  glorious. 

As  the  events  which  occurred  on  board  the  Peacock  during  the  next 
few  days  are  particularly  interesting,  I  shall  proceed  to  narrate  them  in 
detail,  leaving  the  Vtncennes  and  Porpoise  to  pursue  their  route  along 
their  dangerous  and  novel  pathway,  and  would  particularly  refer  the 
reader  to  the  actual  condition  of  the  Peacock,  a  statement  of  which  has 
been  heretofore  given,  that  it  may  be  borne  in  mind  that  our  vessels  had 
no  planking,  extra  fastening,  or  other  preparations  for  these  icy  regions, 
beyond  those  of  the  vessels  of  war  in  our  service. 
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The  Feacock  stood  into  the  bay  which  the  Vincennes  had  found  closed 
tlie  day  before,  and  saw  the  same  appearance  of  high  land  in  the  dis- 
tance. The  water  was  much  discoloured,  and  of  a  dark,  dirty  green. 
They  hove-to,  for  the  double  purpose  of  getting  a  cast  of  the  lead,  and 
of  lowering  the  boats  to  carry  the  instruments  to  a  small  iceberg,  on 
which  it  was  possible  to  land  for  the  purpose  of  making  magnetic  obser- 
vations. A  line  of  1400  fathoms  was  prepared  to  sound,  and  to  the  lead 
was  attached  the  cylinder  with  Six's  thermometer ;  the  wind  being  fresh, 
several  leads  at  different  distances  were  attached  to  the  line ;  they  were 
not  aware  that  the  lead-line  had  touched  bottom  until  they  began  to 
haul-in,  when  it  was  found  that  the  lead  bent  on  at  500  fathoms  was 
filled  with  blue  and  slate-coloured  mud.  Attached  to  the  lead  also  was 
a  piece  of  stone,  and  a  fresh  bruise  on  it,  as  though  the  lead  had  struck 
heavily  on  rock.  The  remainder  of  the  line  had  evidently  lain  on  the 
bottom,  as  the  copper  cylinder  was  covered  with  mud,  and  the  water 
inside  of  it  was  quite  muddy.  They  then  beat  up  a  short  distance  to 
windward,  and  again  sounded,  when,  with  the  line  hanging  vertically, 
bottom  was  reached  at  320  fathoms ;  the  matter  brought  up  was  slate- 
coloured  mud.  The  temperature  of  the  water  at  the  sur£Eu>e  was  32^, 
and  at  the  above  depth  27^°,  being  a  decrease  of  4]^°. 

The  boats  now  returned,  and  on  approaching  the  ship  the  persons  in 
them  were  much  startled  by  hearing  the  crew  cheer  ship  in  consequence 
of  finding  soundings.  This  was  a  natural  burst  of  joy  on  obtaining  this 
unquestionable  proof  that  what  they  saw  was  indeed  the  land ;  a  circum- 
stance that,  while  it  left  no  doubt,  if  any  had  existed,  in  the  mind  of 
any  one  on  board  the  Peacock^  that  what  they  had  previously  seen  was 
truly  terra  firmay  furnished  a  proof  that  cannot  be  gainsaid,  even  by 
those  disposed  to  dispute  the  evidence  of  sight  unsupported  by  so  deci- 
sive a  fact.  Mr.  Eld  and  Mr.  Stuart,  in  the  boats,  succeeded  in  getting 
observations,  and  the  mean  dip  by  the  needles  was  86^  16'. 

Mr.  Eld's  boat  succeeded  in  taking  a  king-pengnin  of  enormous  size, 
viz.  from  tip  of  tail  to  the  bill,  45  inches,  across  the  flippers,  37  inches, 
and  the  circumference  of  the  body,  33  inches.  He  was  taken  after  a  truly 
sailor-like  fashion  by  knocking  him  down.  The  bird  remained  quite 
unmoved  on  their  approach,  or  rather  showed  a  disposition  to  come 
forward  to  greet  them.  A  blow  with  the  boat-hook,  however,  stunned 
him,  and  before  his  recovery  he  was  well  secured.  He  showed,  on  coming 
to  himself,  much  resentment  at  the  treatment  he  had  received,  not  only 
by  fighting,  but  by  an  inordinate  noise.  He  was  in  due  time  preserved 
as  a  specimen,  and  now  graces  the  collection  at  Washington.  In  his 
craw  were  found  thirty-two  pebbles,  from  the  size  of  a  pea  to  that  of  a 
hazel-nut. 

Bergs  and  field-ice  were  in  various  directions  around ;  they  had  light 
baffling  winds,  clear  and  pleasant  weather,  with  a  smooth  sea.  The 
water  was  of  a  dark  green  colour.   Standing  into  the  bay  for  the  purpose 
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of  approaching  the  land,  they  at  5  a.m.  passed  through  drift-ice  into  an 
open  space,  and  when  they  had  again  approached  the  field,  hove-to  for 
the  purpose  of  sounding.  Here  bottom  was  found  at  the  depth  of  800 
fathoms,  and  the  matter  brought  up  was  similar  to  that  obtained  the 
day  before.  The  distance  between  the  points  where  these  two  soundings 
were  obtained  was  but  short. 

At  8 .SO  a.m.,  while  attempting  to  box  off  the  ship  from  some  ice 
under  the  bow  she  made  a  stem-board,  which  brought  the  stem  so 
forcibly  in  contact  with  another  mass  of  ice  that  it  seemed  &om  the 
shock  as  if  it  were  entirely  stove  in ;  the  rudder  was  so  much  canted 
from  its  position  as  to  carry  away  the  starboard  wheel-rope,  and  to 
wrench  the  neck  of  the  rudder  itself  in  such  a  manner  as  to  render  it 
unserviceable,  or  even  worse  than  useless.  In  hopes  of  lessening  the 
difficulty,  relieving  tackles  were  applied  to  tKe  tiller,  but  without  effect, 
for  it  was  discovered  that  the  rudder  had  been  so  far  twisted  as  to  make 
a  considerable  angle  with  the  keel,  and  every  exertion  to  move  it  proved 
ineffectual. 

All  hands  were  now  called,  and  every  officer  and  man  was  speedily 
at  his  station.  The  ship  was  found  to  be  rapidly  entering  the  ice,  and 
every  effort  to  direct  her  course  by  the  management  of  the  sails  proved 
firaitless.  In  this  helpless  condition  scarcely  a  moment  passed  without 
a  new  shock  in  some  quarter  or  other  from  the  ice,  and  every  blow 
threatened  instant  destruction.  The  hope  was  not  yet  abandoned  that 
some  temporary  expedient  might  be  found  to  bring  the  rudder  again 
into  use,  until  they  should  be  extricated  from  this  perilous  situation.  A 
stage  was,  therefore,  rigged  over  the  stern,  for  the  purpose  of  examining 
into  its  state,  but  it  was  found  to  be  so  much  injured  that  it  was  im- 
possible to  remedy  its  defects  while  in  its  place,  and  preparations  were 
forthwith  made  for  unshipping  it.  In  the  meantime  the  position  of  the 
vessel  was  every  instant  growing  worse,  surrounded  as  she  was  by 
masses  of  floe-ice,  and  driving  further  and  further  into  it,  towards  an 
immense  wall-sided  iceberg.  All  attempts  to  get  the  vessel  on  the  other 
tack  failed,  in  consequence  of  her  being  so  closely  encompassed,  and  it 
was  therefore  thought  expedient  to  attempt  to  bring  her  head  round,  by 
hanging  her  to  an  iceberg  by  the  ice-anchors,  and  thus  complete  what 
had  been  partially  effected  by  the  sails.  The  anchor  was  attached,  but 
just  at  the  moment  the  hawser  was  passed  on  board  the  ship  took  a 
start  so  suddenly  astern  that  the  rope  was  literally  dragged  out  of  the 
men's  hands  before  they  could  get  a  turn  around  the  bits. 

The  ship  now  drove  stem  foremost  into  the  midst  of  the  huge  masses 
of  ice,  striking  the  rudder  a  second  time.  This  blow  gave  the  finishing 
stroke  by  nearly  wringing  off  the  head,  breaking  two  of  the  pintles,  and 
the  upper  and  lower  brace. 

The  wind  now  began  to  freshen  and  the  floe-ice  to  set  upon  the  ship ; 
the  sails  were  furled,  and  spars  rigged  up  and  down  the  ship's  side  as 


378  THE  ANTARCTIC  MANUAL. 

fenders.  Attempts  were  again  made  to  plant  the  ice-anchors,  for  which 
purpose  the  boats  were  lowered ;  but  the  confined  space,  and  the  force 
with  which  the  pieces  of  ice  ground  against  each  other  was  so  great, 
that  the  boats  proved  nearly  as  unmanageable  as  the  ship.  After  much 
exertion,  however,  the  ice-anchors  were  planted  and  the  hawser  hauled 
taut.  Here  they  for  a  time  enjoyed  comparative  security,  as  the  vessel 
hung  by  the  anchors,  which  were  planted  in  a  large  floe ;  the  ice  con* 
tinned  to  close  in  rapidly  upon  them,  grinding,  crushing,  and  carrying 
away  the  fenders ;  and  the  wind,  that  had  changed  to  seaward,  rose  with 
appearances  that  foreboded  bad  weather. 

At  10.30  this  security  was  at  an  end,  for  the  anchors,  in  spite  of  th& 
exertions  of  the  officers  and  men  who  were  near  them,  broke  loose,  and 
the  ship  was  again  at  the  mercy  of  huge  floating  masses.  A  rapid  stem- 
board  was  the  consequence;  and  a  contact  with  the  ice-island,  vast,, 
perpendicular,  and  as  high  as  the  mastheads,  appeared  inevitable. 

Every  possible  preparation  was  made  to  meet  the  expected  shook* 
There  was  no  noise  or  confasion,  and  the  self-possession  and  admirable 
conduct  of  the  Commander  inspired  courage  and  confidence  in  alL 
Preparations  were  made  to  cock-bill  the  yards,  and  spars  were  got 
out. 

While  these  preparations  were  going  forward  the  imminence  of  the 
danger  lessened  for  a  while ;  the  anchors  again  held,  and  there  was  a 
hope  that  they  might  bring  the  vessel  up  before  she  struck.  This  hope, 
however,  endured  but  for  a  moment ;  for  the  anchors,  with  the  whole 
body  of  ice  to  which  they  were  attached,  came  in,  and  the  ship  going 
astern,  struck  quartering  upon  a  piece  of  ice  which  lay  between  her  and 
the  great  ice-island.  This  a£forded  the  last  hope  of  preventing  her  from 
coming  into  contact  with  it ;  and  this  hope  failed  also ;  for,  grinding 
along  the  ice,  she  went  nearly  stem  foremost,  and  struck  with  her 
larboard  quarter  upon  the  ice-island  with  a  tremendous  crash. 

The  first  effect  of  this  blow  was  to  carry  away  the  spanker-boom,  the 
larboard  stem-davit,  and  to  crush  the  stem-boat.  The  starboard  stem- 
davit  was  the  next  to  receive  the  shock,  and  as  this  is  connected  with 
the  spar-deck  bulwarks  the  whole  of  them  were  started ;  the  knee,  a 
rotten  one,  which  bound  the  davit  to  the  taffrail,  was  broken  off,  and 
with  it  all  the  stanchions  to  the  plank-sheer  as  far  as  the  gangway. 

Severe  as  was  this  shock,  it  happened  fortunately  that  it  was  followed 
by  as  great  a  rebound.  This  gave  the  vessel  a  cant  to  starboard,  and  by 
the  timely  aid  of  the  jib  and  other  sails,  carried  her  clear  of  the  ioe- 
island,  and  forced  her  into  a  small  opening.  While  doing  this,  and 
before  the  vessel  had  moved  half  her  length,  an  impending  mass  of  ioe 
and  snow  fell  in  her  wake.  Had  this  fallen  only  a  few  seconds  earlier  it 
must  have  crushed  the  vessel  to  atoms. 

It  was  also  fortunate  that  the  place  where  she  struck  the  ioe-island 
was  near  its  southern  end,  so  that  there  was  but  a  short  distance  to  be 
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paewd  before  she  was  entirely  clear  of  it.    This  gave  more  room  for  the 
drifting  ice,  and  permitted  the  veseel  to  bo  worked  by  her  sails. 

The  relief  from  this  pressing  danger,  however  gratifying,  gave  no 


a  of  ultimate  safety ;  the  weather  had  an  nnnsually  stormy 
appearance,  and  the  destruction  of  the  voBsel  seemed  almost  inevitable, 
with  the  loss  of  every  life  on  board.    They  had  the  melancholy  alter- 
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native  in  prospect  of  being  frozen  to  death,  one  after  the  other,  or 
perishing  in  a  body  by  the  dissolving  of  the  iceberg  on  which  they 
should  take  refuge  should  the  vessel  sink. 

When  the  dinner  hour  arrived  the  vessel  was  again  fast  in  the  ioe, 
and  nothing  could  for  a  time  be  done  :  it  was  therefore  piped  as  nsuaL 
This  served  to  divert  the  minds  of  the  men  from  the  dangers  around 
them. 

When  the  meal  was  over  the  former  manoeuvring  was  resorted  to, 
the  yards  being  kept  swinging  to  and  fro  in  order  to  keep  the  ship's 
head  in  the  required  direction.  She  was  labouring  in  the  swell,  with 
ice  grinding  and  thumping  against  her  on  all  sides;  every  moment  some- 
thing either  fore  or  aft  was  carried  away — chains,  bolts,  bobstays, 
bowsprit  shrouds ;  even  the  anchors  were  lifted,  coming  down  with  a 
surge  that  carried  away  the  eyebolts  and  lashings,  and  left  them  to  hang 
by  the  stoppers.  The  out-water  also  was  injured,  and  every  timber 
seemed  to  groan. 

Similar  dangers  attended  those  in  the  boats.  Passed  Midshipman 
Eld  was  sent  to  plant  the  ice-anchors ;  there  was  no  room  for  the  use  of 
oars ;  the  grinding  and  grating  of  the  ice,  as  it  rose  and  fell  with  the 
swell,  rendered  great  precaution  necessary  to  prevent  the  boat  from 
being  swamped  or  crushed ;  and  when  it  is  stated  that  two  hours  of  hard 
exertion  were  required  to  plant  the  ice-anchors,  some  idea  of  the  difficulty 
attending  this  service  wiU  be  had.  But  this  was  not  all ;  the  difficulty 
of  returning  was  equally  great,  and  no  possible  way  of  effecting  it 
seemed  to  suggest  itself ;  the  sides  of  the  icebergs  could  not  be  ascended, 
and  to  approach  the  berg  on  the  side  next  the  ship  was  certain  destruc- 
tion to  the  boat  and  crew,  for  the  ice  and  water  were  foaming  like  a 
caldron ;  and  to  abandon  the  former  was  equally  out  of  the  question.* 
At  last  a  chance  offered  (although  almost  a  hopeless  one),  by  passing 
between  two  of  these  bergs  that  appeared  on  the  other  side  of  a  small 
clear  space.  The  boat  was  upon  a  small  piece  of  ice,  from  which,  by 
great  exertions,  she  was  launched ;  a  few  pulls  at  the  oars  brought  them 
to  the  passage  ;  the  bergs  were  closing  fast,  and  agitated  by  the  swell ; 
no  time,  therefore,  was  to  be  lost ;  the  danger  was  already  great,  and  in 
a  few  seconds  it  would  be  impossible  to  pass.  They  entered  ;  their  oars 
caught,  and  they  got  but  halfway  through  when  the  icebergs  closed  in 
upon  them  and  pressed  the  gunwales  together,  so  as  almost  to  crush  the 
boat ;  the  water  entered  her,  and  she  was  near  sinking ;  when  the  berg 
stopped,  retreated,  and  by  another  hard  shove  they  went  through,  and 
were  soon  alongside  the  ship. 

Every  exertion  was  now  made  to  work  the  ship  and  avoid  heavy 
thumps  from  the  ice.  The  mode  resorted  to,  to  get  the  ship  about,  was 
a  novel  one,  namely,  by  urging  her  lee-bow  against  a  piece  of  ice,  which 
had  the  same  effect  as  giving  her  a  lee-helm  ;  but  this  was  found  rather 
too  expensive  a  mode  of  effecting  the  object,  and  on  the  pumps  showing 
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ftn  increase  of  water  it  was  discontinued.  The  ice  bad  been  rapidly 
aoonmnlating  around  the  ship,  contracting  still  more  narrowly  the 
space  or  area  in  which  they  were,  and  rendering  their  situation  more 
hassardoos. 

At  4  p.m.  they  clewed  up  the  topsails,  the  ship  being  fast  in  the  ice, 
with  the  wind  directly  in  from  the  seaward.  The  ice-anchors  were  now 
again  run  out  in  hopes  of  relieving  her  from  some  of  the  strain ;  a  short 
time  afterwards  the  ice  clearing  from  the  stem  enabled  them  to  unship 
the  rudder,  which  was  taken  on  board  in  two  pieces ;  it  was  immediately 
placed  on  the  quarter-deck  and  all  the  carpenters  employed  on  it. 

It  soon  began  to  snow  violently,  and  no  clear  sea  could  be  seen  from 
the  ship  in  any  direction.  It  becoming  dark,  the  chance  was  that  they 
would  have  to  take  up  their  last  abode  there.  About  six  o'clock  the 
weather  cleared  a  little  and  the  wind  freshened ;  they  parted  the  hawser 
attached  to  the  ice-anchor,  and  made  sail  again  for  the  clear  sea,  which 
could  now  be  seen  from  the  masthead.  Towards  8  p.m.,  as  if  to  blast 
the  little  hope  that  the  continuance  of  clear  weather  inspired,  the  ship 
took  a  wrong  cant,  and  was  forced  into  a  small  opening  leading  farther 
into  the  ice  to  leeward,  and  towards  the  massive  walls  of  the  berg.  Great 
eiertions  were  made,  and  fortunately,  by  the  aid  of  the  ice-anchors  and 
sails,  they  succeeded  in  getting  her  round,  and  her  head  again  pointed 
towards  the  dear  sea;  but  they  were  shortly  afterwards  wedged  in 
between  two  large  masses  of  ice.  At  midnight  the  sea  was  observed  to 
rise,  although  the  wind  had  not  increased,  causing  much  motion  among 
the  ice;  and  the  stormy  appearance  of  the  sky  continued,  and  gave 
pTomiae  of  a  gale.  The  only  hope  left  was  to  force  the  ship  through, 
and  every  means  were  employed  to  effect  this  object.  The  ice  they  bad 
now  to  contend  with  was  of  larger  dimensions,  and  the  increased  sea 
rendered  it  doubly  dangerous.  Some  of  the  shocks  against  it  were  so 
heavy  as  to  excite  fears  that  the  ship's  bows  would  be  driven  in,  and  on 
one  occasion  three  of  the  chronometers  were  thrown  out  of  their  beds  of 
sawdust  upon  their  sides.  They  continued  to  make  but  little  headway, 
and  the  grinding  and  thumping  on  the  ship  was  most  painful.  The 
hope  of  extricating  her  lessened  every  moment,  for  the  quantity  of  ice 
between  them  and  the  sea  was  increasing,  and  the  ship  evidently  moved 
with  it  to  leeward.  Few  situations  could  be  more  trying,  but  the 
emergency  was  met  by  Captain  Hudson  with  a  coolness,  perseverance, 
and  preeence  of  mind  which  secured  the  admiration  of  all  who  were 
present,  and  inspired  full  confidence  and  a  firm  reliance  in  his  ability  to 
overcome  every  difficulty  that  lay  within  the  power  of  human  means. 

In  the  afternoon  of  the  25th  the  sea  continued  to  iucrease,  and  the 
■hip  frequently  struck  against  the  masses  of  ice,  while  every  foot  they 
fixrged  ahead  carried  them  seemingly  into  a  more  precarious  situation. 
At  about  3  p.m.  they  found  that  the  gripe  had  been  beaten  off,  and  they 
ware  now  bpiising  up  the  stem  and  grinding  away  the  bows.    There 
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Appeared  ao  other  coarse  but  to  drive  her  out,  vhich  vbb  deemed  Ute 
only  obanoe  of  saving  the  ship  and  crew.  All  the  oanvsB  that  woitld 
draw  Tras  therefore  set  to  force  her  through ;  and  the  wind  favouring 
them,  they  had  bj  four  o'clock  succeeded  in  pawinf;  the  thick  and  solid 
ice,  and  shortly  afterwards  found  theiuselvee  in  clear  water,  withont 
a  mdder,  the  gripe  gone,  and,  as  was  afterwards  found,  the  stem  ground 
down  to  within  an  inch  and  a  half  of  the  wood  ends. 

The  annexed  sketch  of  the  bay  will  exhibit  the  situation  of  the 
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ship  more  accurately  ;  it  is  situated  in  latitude  66°  55'  20"  S.,  longitude 
161°  16'  45"  E. 

The  carpenter 8  were  still  employed  on  the  rudder,  and  had  succeeded 
in  removing  the  broken  pieces  of  the  pintles  from  the  second  and  third 
braces  on  the  stern-post;  the  upper  and  lower  pintles  were  broken, 
leaving  only  two  to  hang  the  rudder  by.  The  weather  seemed  now  to 
favour  them,  and  about  ten  o'clock  they  had  finished  the  rudder,  which 
had  been  repaired  in  the  best  possible  manner.  Great  credit  is  due  to 
Mr.  Dibble,  the  carpenter  (who  left  his  sick  bed  on  the  occasion),  for 
his  exertions,  attention,  and  perseverance.  He  and  the  carpenter's  crew 
worked  twenty-four  hours  without  intermiBsion.  The  ship  was  now 
hove-to,  for  it  waa  apprehended  that  her  rolling  would  render  the  task 
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of  shipping  the  rudder  troublesome.  By  meridian,  they  were  again  in  a 
situation  to  make  sail  to  extricate  themselves  from  a  bay  some  thirty 
miles  in  extent,  which,  with  the  exception  of  the  small  opening  by 
which  they  had  entered,  was  apparently  closed  by  the  barrier. 

Shortly  afterwards,  the  wind  becoming  fair,  they  made  all  sail  for 
the  outlet.  The  weather  proved  fine  and  the  winds  moderate.  At  mid- 
night they  found  the  only  opening  left,  which  was  not  more  than  a 
quarter  of  a  mile  wide;  they  succeeded  in  passing  through  this,  by 
2  a.m.,  in  a  snowHstorm,  and  felt  grateful  to  God  for  their  providential 
escape. 

Captain  Hudson  now  came  to  the  conclusion  of  returning  north. 
**  After,"  as  he  says,  *'  thoroughly  turning  over  in  my  own  mind  the  state 
of  the  ship— with  the  head  of  the  rudder  gone,  hanging  by  two  braces, 
and  in  such  a  state  that  we  could  hardly  hope  to  make  it  answer  its 
purposes  again,  in  encountering  the  boisterous  weather  we  should  have 
to  pass  through  before  reaching  the  first  port;  the  ship  considerably 
strained ;  her  starboard  spar-deck  bulwarks  gone  as  far  forward  as  the 
gangway ;  the  gripe  off,  and  the  stem  mutilated — fully  satisfied  from  this 
state  of  things  that  she  was  perfectly  useless  for  cruising  among  ice- 
bergrg,  and  the  accompanying  dangers,  in  thick,  foggy  weather,  to  which, 
in  these  latitudes,  we  should  be  more  or  less  subject,  and  where  rapid 
evolutions  were  often  necessary,  in  which  the  rudder  must  perform  its 
part;  and  that  the  ship  would  require  extensive  repairs  before  being 
employed  in  surveying  operations;  and  feeling  that  the  season  was 
rapidly  coming  round  when  our  services  would  be  required  in  that  duty, 
I  held  a  council  of  the  ward-room  officers,  and  required  their  opinions  as 
to  making  any  further  attempts  to  cruise  in  these  latitudes. 

^  There  was  but  one  opinion  as  to  the  necessity  of  the  ship's  returning 
north,  with  the  exception  of  Mr.  Emmons  and  Mr.  Baldwin,  who  thought 
the  rudder  might  stand,  provided  we  did  not  get  near  the  ice  or  fall  in 
with  icebergs.  This,  of  course,  would  be  to  effect  little  or  nothing,  and 
result  only  in  a  loss  of  time.  I  accordingly  put  the  ship's  head  north, 
determined  to  proceed  at  once  to  Sydney  to  effect  the  necessary  repairs, 
80  as  to  be  ready  at  the  earliest  possible  day  to  join  the  squadron." 

Such  were  the  dangers  and  difficulties  from  which  the  Peacock,  by 
the  admirable  conduct  of  her  officers  and  crew,  directed  by  the  consum- 
mate seamanship  of  her  commander,  was  enabled  at  this  time  to  escape. 
There  still,  however,  remained  thousands  of  miles  of  a  stormy  ocean  to 
be  enoountered,  with  a  ship  so  crippled  as  to  be  hardly  capable  of 
working,  and  injured  to  such  an  extent  in  her  hull  as  to  be  kept  afloat 
with  difficulty.  The  events  of  this  perilous  navigation  must,  however, 
be  postponed,  until  I  shall  have  given  the  narrative  of  the  proceedings 
of  the  other  vessels  of  the  squadron,  while  tracing  out  the  position  of 
the  ipy  barrier  and  following  along  the  newly  discovered  continent. 
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CHAPTER  X. 

Antarctic  Cruise — continued. 
1840. 

Proceedings  of  the  Vinoenne$  from  the  22nd  of  January — ^DiBappointment  Bay — 
Watering  on  the  ice — ^Diagrama  of  the  ice-islands — Their  utility — ^Violent  gale  and 
snow-storm— Narrow  escape  from  striking  the  ice — The  open  sea  reached— Betniit 
of  fine  weather — Vinoennes  stands  again  to  the  south  and  reaches  the  ioy  bazxier — 
Piner's  Bay  —  Soundings  in  30  fathoms  —  Another  violent  gale  —  Beport  of  the 
medical  officers — Opinion  of  the  ward-room  ofScers — ^Determination  to  proceed  with 
the  cruise — The  eyents  up  to  the  14th  of  February — Landing  on  an  iceberg — Speoi* 
mens  of  rocks  obtained — Inquiry  in  relation  to  the  fonnation  of  icebergs — ^Their 
separation  from  the  land — ^Their  progress — Further  evidence  in  relation  to  the 
Antarctic  continent— Estimate  of  the  rate  at  which  the  floating  ice  mores—The 
Vineennei  begins  her  return  to  the  north. 

In  taking  up  the  narrative  of  the  disaster  sustained  by  the  Peacoek^  with 
which  the  preceding  chapter  closes,  the  Vincennes  and  Porpai$e  were  left 
on  the  22nd  of  January.  On  that  day  the  Vincennes  passed  the  place 
through  which  the  Peacock  entered,  as  has  been  related,  on  the  28rd, 
and  found  no  opening.  To  judge  from  the  manner  in  which  the  ice 
moved  during  the  time  the  Peacock  was  enclosed  in  it,  I  am  inclined  to 
ascribe  the  alternate  opening  and  closing  of  the  passage  into  the  bay  to 
a  tide  setting  along  this  coast.  In  support  of  this  opinion  it  is  sufiftoient 
to  state  that  the  strength  of  the  winds  experienced  on  board  that  vessd 
was  at  no  time  sufficient  to  account  for  the  manner  in  which  the  ice  was 
found  to  move. 

About  30  miles  to  the  westward  of  this  point  the  Vincennee  passed  a 
remarkable  collection  of  tabular  icebergs,  for  whose  existence  I  can 
account  in  no  other  manner  than  by  supposing  them  to  be  attached  to  a 
rocky  islet,  which  formed  a  nucleus,  to  which  they  adhered.  It  was 
quite  obvious  that  they  had  not  been  formed  in  the  place  where  they 
were  seen,  and  must,  therefore,  have  grounded  after  being  adrift. 

On  the  23rd  of  January,  after  passing  around  this  group  of  icebergs, 
the  sea  was  found  comparatively  clear,  and  a  large  open  space  showed 
itself  to  the  southward.  Into  this  space  the  course  of  the  Vineennee  was 
immediately  directed.  While  thus  steering  to  the  south,  the  appearance 
of  land  was  observed  on  either  hand,  both  to  the  eastward  and  westward. 

Pursuing  this  course,  we  by  midnight  reached  the  solid  barrier,  and 
all  approach  to  the  land  on  the  east  and  west  was  entirely  cut  off  by  the 
close  packing  of  the  icebergs.  I  was  therefore  reluctantly  compelled  to 
return,  not  a  little  vexed  that  we  were  again  foiled  in  our  endeavour  to 
reach  the  Antarctic  continent.  This  was  a  deep  indentation  in  the  coast, 
about  25  miles  wide ;  we  explored  it  to  the  depth  of  about  15  miles,  and 
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did  uot  reaoh  its  termination.    This  bay  I  have  oalled  Disappointment 
Bay;  it  ia  in  latitude  67°  04'  30"  S.,  longitude  147°  30'  E.     The  weather 


*■■  teouTkably  fine,  with  a  bracing  air ;  the  thennumeter  in  the  air  22°, 
in  the  water  31°. 

The  nex    dayt  24th,  we  stuod  unt  gf  the  bay,  and  continued  onr 
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course  to  the  westward.  About  noon,  to  my  surprise,  I  learnt  that  one 
of  the  officers.  Lieutenant  Underwood,  had  marked  on  the  log-slate  that 
there  was  an  opening  of  clear  water,  subtending  three  points  of  the 
compass,  at  the  bottom  of  Disappointment  Bay.  Though  confident  that 
this  was  not  the  fact,  in  order  to  put  this  matter  at  rest,  I  at  once  deter- 
mined to  return,  although  40  miles  distant,  and  ordered  the  ship  about, 
to  refate  the  assertion  by  the  offioei'^s  own  testimony.  This  was  most 
efifectually  done  the  next  morning,  25th,  when  the  ship  reached  the 
identical  spot,  and  all  were  fully  convinced  that  no  opening  existed. 
The  whole  bay  was  enclosed  by  a  firm  barrier  of  ice  from  north-north- 
west to  east-north-east. 

The  weather  proved  delightful,  with  light  airs  from  the  southward, 
and  I  determined  to  take  this  opportunity  to  fill  up  the  water-tanks 
with  ice.  The  ship  was  hove-to,  a  hawser  got  in  readiness,  the  boats 
lowered  and  brought  alongside  of  an  iceberg  well  adapted  to  our 
purpose. 

The  same  opportunity  was  also  taken  to  make  the  magnetic  observa- 
tions on  the  ice,  and  to  try  the  local  attraction  of  the  ship. 

Many  birds  were  seen  about  the  ship,  of  which  we  were  fortunate  in 
obtaining  specimens.  The  day  was  remarkably  dear,  and  the  same 
appearance  of  land  was  seen  that  had  been  witnessed  on  the  24th.  We 
filled  nineteen  of  our  tanks  with  ice,  after  having  allowed  it  to  remain 
for  some  time  on  deck  for  the  salt  water  to  drain  off  in  part»  and  it 
proved  very  potable. 

The  view  of  the  ship  in  this  position  will  give  an  idea  of  her 
situation. 

At  about  5  p.m.  wo  had  completed  our  required  store  of  ice,  and  cast 
off,  making  sail  to  the  northward. 

In  order  that  no  further  mistakes  should  take  place  as  to  the  openings 
being  passed,  I  issued  an  order,  directing  the  officer  of  the  dock  on  being 
relieved  to  go  to  the  masthead  and  report  to  me  the  exact  situation  of 
the  ice;  and  this  was  continued  during  the  remainder  of  our  cruise 
among  it. 

In  threading  our  way  through  the  many  icebergs,  it  occurred  to  me 
that  they  might  be  considered  as  islands,  and  a  rough  survey  made  of 
them,  by  taking  their  bearings  at  certain  periods  and  making  diagrams 
of  their  positions.  This  was  accordingly  done,  and  every  few  hours 
they  were  inserted  on  the  chart  which  I  was  constructing  in  my 
progress. 

[One  of  the  diagrams  is  given  in  the  next  page.] 

This  I  found  to  be  very  useful,  and  it  gave  me  confidence  in  proceed* 
ing,  for  I  had  a  tolerable  chart  to  retreat  by  in  case  of  need,  at  least  for 
a  few  hours,  during  which  time  I  had  reason  to  believe  that  there  was 
not  much  probability  of  the  icebergs  changing  their  relative  positions. 

The  dip  observed  on  the  ice  was  87°  30',  and  the  variation  12^  46' 
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easterly.     The  oompasses  were  found  to-be  very  sluggish,  having  but 
little  horizontal  directive  force. 

About  half  an  hour  after  we  oast  o£f  from  the  iceberg,  a  thick  snow- 
storm oune  up  with  the  wind  from  the  south-east.  Although  there  were 
very  many  ice-islands  around  us  on  our  way  out,  I  felt  that  I  understood 
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the  ground  well,  having  passed  over  it  twice,  and,  knowing  I  had  a  space 
of  a  few  miles  only  thinly  sprinkled  with  icebergs,  I  hove-to  with 
shortened  sail.  This  was  the  first  south-east  wind  we  had  had  since 
being  on  this  coast ;  I  had  been  disappointed  in  not  finding  it  from  that 
quarter  before ;  for  I  had  been  informed  by  those  who  had  navigated  in 
high  southern  latitudes  that  south-east  would  be  the  prevailing  wind, 
and  would  be  attended  with  fine  weather.  Now,  however,  with  a  fair 
wind,  I  was  unable  to  run,  for  the  weather  was  unfavourable. 

At  6  aon.  on  the  26th  we  again  made  sail,  and  at  8  a.m.  we  dis- 
covered the  ParpaUe^  to  whom  we  made  signals  to  come  within  hail.  We 
found  them  all  well,  and  compared  chronometers. 

As  it  still  blew  fresh  from  the  south-east,  and  the  weather  became  a 
litde  more  clear,  we  both  bore  away,  running  through  much  drift-ice,  at 
the  rate  of  nine  knots  an  hour.  We  had  the  barrier  in  sight ;  it  was, 
however,  too  thick  to  see  much  beyond  it.  Sailing  in  this  way  I  felt  to 
be  extremely  hazardous,  but  our  time  was  so  short  for  the  examination 
of  this  i<^  coast,  that  while  the  barrier  was  to  be  seen  I  deemed  it  my 
duty  to  proceed.  We,  fortunately,  by  good  look-outs,  and  carefully 
<MyiP"^«g  ^e  ship,  were  enabled  to  avoid  any  heavy  thumps. 

On  the  27th  we  again  had  the  wind  from  south-south-west.  The 
loe-ioe  had  become  so  thick  that  we  found  it  impossible  to  get  through 
it  in  the  direction  I  wished  to  go,  and  we  were  compelled  to  pass  round  it. 
The  Porynae  was  in  sight  until  noon.  The  weather  proved  beautifully 
dear.  A  long  range  of  tabular  icebergs  was  in  sight  to  the  southward, 
indicating,  as  I  have  before  observed,  that  the  coast  was  near.  I  passed 
tlmmkh  these,  losing  sight  of  the  Porpoi9e  to  the  north-west,  about  noon, 
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when  we  were  in  longitade  142''  iff  E.,  latitude  ^'^  54'  21"  S.,  TariatioiL 
5°  08'  easterly. 

On  the  28th  I  found  mydelf  completely  surrounded  by  the  tabular 
ioebergs,  through  which  we  continued  to  pass.  Towards  midnight  the 
wind  shifted  to  the  south-east,  and  enabled  me  to  haul  more  to  the  south- 
ward. At  9.30  a.m.  we  had  another  sight  of  the  land  ahead,  and  every 
prospect  of  nearing  it  with  a  fine  breeze.  The  sight  of  the  icebergs 
around  us,  all  of  large  dimensions,  was  beautiful.  The  greatest  number 
in  sight  at  one  time  was  noted,  and  found  to  be  more  than  a  hundred, 
varying  from  a  quarter  of  a  mile  to  three  miles  in  length.  We  took  the 
most  open  route,  and  by  eleven  o'clock  had  run  upwards  of  forty  miles 
through  them.  We  had  the  land  now  in  plain  view,  but  the  weather 
soon  began  to  thicken  and  the  breeze  to  freshen.  At  noon  it  was  so 
thick  that  every  thing  was  hidden,  and  no  observation  was  obtained. 
The  ship  was  hove-to,  but  shortly  after  again  put  under  way,  making 
several  tacks  to  keep  my  position,  which  I  felt  was  becoming  a  critical 
one,  in  case  a  gale  should  ensue.  I  therefore  looked  careftilly  over  my 
chart,  and  was  surprised  at  the  vast  number  of  icebergs  that  appeared 
on  it.  At  2  p.m.  the  barometer  began  to  fall  and  the  weather  to  change 
for  the  worse.  At  5  p.m.  a  gale  was  evidently  coming  on,  so  we  took 
three  reefs  in  the  topsails.  It  appeared  now  that  certain  wreck  would 
ensue  should  we  remain  where  we  were ;  and  after  much  consideration 
I  made  up  my  mind  to  retrace  my  way  and  seek  the  open,  space  forty 
miles  distant,  taking  for  a  landmark  a  remarkable  berg  that  had  been 
the  last  entered  on  the  chart,  and  which  would  be  a  guide  to  my  course 
out.  I  therefore  stood  for  its  position.  The  weather  was  so  thick  that 
it  was  necessary  to  run  close  to  it  to  be  quite  sure  of  recognising  it,  for 
on  this  seemed  to  depend  our  safety.  About  the  estimated  time  we  would 
take  to  pass  over  the  distance,  an  iceberg  was  made  (we  were  within 
1000  feet  of  it)  which,  at  first  view,  I  felt  confident  was  the  one  sought, 
but  was  not  altogether  satisfied  afterwards. 

I  therefore  again  consulted  my  chart,  and  became  more  doubtfol  of 
it.  Just  at  that  moment  I  was  called  on  deck  by  an  officer,  who  informed 
me  that  there  were  icebergs  a  short  distance  ahead. 

Such  proved  to  be  the  case ;  our  path  was  beset  with  them,  and  it 
was  evident  we  could  not  regain  our  route.  To  return  was  worse,  so 
having  but  little  choice  left  I  determined  to  keep  on.  To  encounter 
these  icebergs  so  soon  after  seeing  the  other  was  in  some  respects  satis- 
factory, for  it  removed  all  doubts,  and  showed  me  that  we  were  not 
near  the  track  by  which  we  entered.  Nothing,  therefore,  was  to  be 
done  but  to  keep  a  good  look-out,  and  the  ship  under  sufficient  way  to 
steer  well;  my  safest  plan  was  to  keep  as  near  our  former  track  as 
possible,  believing  it  to  be  most  free  of  these  masses. 

At  8  p.m.  it  began  to  blow  very  hard,  with  a  violent  snowstorm, 
circumscribing  our  view,  and  rendering  it  impossible  to  see  more  than 
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two  ship's-leng^B  ahead.  The  oold  was  Kevere,  and  every  spray  that 
tonohed  the  ship  was  immediately  converted  into  ice.  At  9  p.m.,  the 
barometer  still  falling  and  the  gale  inoreasiiig,  we  reduced  sail  to  alose- 
reefed  fore  and  main-topsails,  reefed  foresail,  and  trysails,  under  which 
we  paned  nomerons  ioebergs,  some  to  windward  and  some  to  leeward 
of  us.  At  10.30  we  foand  onrselvea  thiokly  beset  with  them,  and  had 
naoy  narrow  escapes ;  the  excitement  became  intense ;  it  required  a 
ooostant  change  of  helm  to  avoid  those  close  aboard ;  and  we  were  com- 
pelled to  press  the  ship  with  canvass  in  order  to  escape  them,  by  keeping 
W  to  windward.  We  thus  passed  close  along  their  weather  sides,  and 
diatinotly  heard  the  roar  of  the  surf  dashing  against  them.    We  had. 


tiom  time'  to  time,  glimpses  of  their  obscure  outline,  appearing  as 
though  immediately  above  us.  After  many  escapes,  I  found  the  ship 
10  ooTored  with  ice  and  the  watch  so  powerlesa  in  mau^^g  her,  that 
a  little  after  midnight  on  the  29th  I  had  all  hands  called.  Scarcely 
had  thay  been  reported  on  deck,  when  it  was  made  known  to  mo  that 
the  gmmer  Ur.  Williamson  had  fallen,  broken  his  ribs,  and  otherwise 
i^jand  himaelf,  on  the  ioy  deok. 

^lo  gale  at  this  moment  was  awful :  we  found  we  were  passing  large 
■Maes  of  drift-ioe,  and  ice-islands  became  more  numerous.  At  a  little 
after  <me  o'clock  it  was  terrifiu,  and  the  sea  was  now  so  heavy  that  I 
«M  oUig«d  to  reduce  sail  still  further ;   the  fore  and  main-topsaila 


890  THE  ANTARCTIC  MANUAL. 

were  dewed  up ;  the  former  was  furled,  but  the  latter  being  a  new  sail« 
much  difficulty  was  found  in  securing  it. 

A  seaman,  by  the  name  of  Brooks,  in  endeavouring  to  exeoate  the 
order  to  farl,  got  on  the  lee-yardarm,  and  the  sail  having  blown  over 
the  yard,  prevented  his  return.  Not  being  aware  of  his  position  until 
it  was  reported  to  me  from  the  forecastle,  he  remained  there  some  time. 
On  my  seeing  him  he  appeared  sti£f,  and  clinging  to  the  yard  and  lift. 
Spilling  lines  were  at  once  rove,  and  an  officer  with  several  men  sent 
aloft  to  rescue  him,  which  they  succeeded  in  doing  by  passing  a  bow- 
line around  his  body  and  dragging  him  into  the  top.  He  was  almost 
frozen  to  death.  Several  of  the  best  men  were  completely  exhausted 
with  cold,  fatigue,  and  excitement,  and  were  sent  below.  This  added 
to  our  anxieties,  and  but  little  hope  remained  to  me  of  escaping :  I  felt 
that  neither  prudence  nor  foresight  could  avail  in  protecting  the  ship 
and  crew.  All  that  could  be  done  was  to  be  prepared  for  any  emergency 
by  keeping  every  one  at  his  station. 

We  were  swiftly  dashing  on,  for  I  felt  it  necessary  to  keep  the  ship 
under  rapid  way  through  the  water,  to  enable  her  to  steer  and  work 
quickly.  Suddenly  many  voices  cried  out,  "  Ice  ahead ! "  then,  "  On 
the  weather  bow ! "  and  again,  '*  On  the  lee-bow  and  abeam ! "  All 
hope  of  escape  seemed  in  a  moment  to  vanish ;  return  we  oould  not,  as 
large  ice-islands  had  just  been  passed  to  leeward :  so  we  dashed  on,  ex- 
pecting every  moment  the  crash ;  the  ship  in  an  instant,  from  having 
her  lee  guns  under  water,  rose  upright ;  and  so  close  were  we  passing 
to  leeward  of  one  of  these  huge  islands,  that  our  trysails  were  almost 
thrown  back  by  the  eddy  wind ;  the  helm  was  put  up  to  pay  the  ship 
off,  but  the  proximity  of  those  under  our  lee  bade  me  keep  my  course. 
All  was  now  still  except  the  distant  roar  of  the  wild  storm  that  was 
raging  behind,  before,  and  above  us;  the  sea  was  in  great  agitation, 
and  both  officers  and  men  were  in  the  highest  degree  excited.  The  ship 
continued  her  way,  and  as  we  proceeded  a  glimmering  of  hope  arose, 
for  we  accidentally  had  hit  upon  a  clear  passage  between  two  large  ice- 
islands,  which  in  fine  weather  we  should  not  dare  to  have  ventured 
through.  The  suspense  endured  while  making  our  way  between  them 
was  intense,  but  of  short  duration ;  and  my  spirits  rose  as  I  heard  the 
whistling  of  the  gale  grow  louder  and  louder  before  us,  as  we  emerged 
from  the  passage.  We  had  escaped  an  awful  death,  and  were  again 
tempest-tost. 

We  encountered  many  similar  dangers  that  night;  at  4.30  a.m. 
I  found  we  had  reached  the  small  open  space  laid  down  on  my  chart, 
and  at  5  o'clock  I  hove-to  the  ship.  I  had  been  under  intense  excite- 
ment, and  had  not  been  off  the  deck  for  nine  hours,  and  was  now 
thankful  to  the  Providence  that  had  guided,  watched  over,  and  pre- 
served us.  Until  7  a.m.  all  hands  were  on  deck:  when  there  was 
some  appearance  of  the  weather  moderating  they  were  piped  down. 
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The  barometer  was  marked  at  intervals,  for  whioh  the  reader  is 
referred  to  Appendix  XXVI. 

This  gale  was  from  the  south-east,  from  whioh  quarter  it  blew 
daring  the  whole  of  its  strength ;  and  when  it  began  to  moderate  the 
wind  veered  to  the  southward ;  by  noon  we  felt  satisfied  that  the  gale 
was  over  and  that  we  had  escaped,  although  it  was  difficult  to  realise 
a  sense  of  Becority  when  the  perils  we  had  just  passed  through  were 
80  fresh  in  our  minds,  and  others  still  impending.  Towards  4  o'clock 
it  cleared  off^  and  we  saw  but  few  icebergs  near  uh.  Our  longitude  was 
found  to  be  140"  E.,  latitude  63"  30'  S.,  and  I  again  made  saU  for  the 
ice  to  the  south,  to  pass  over  the  very  route  we  had  just  traversed 
through  so  many  perils. 

The  wind  had  now  hauled  to  the  south-west ;  at  6  p.m.  we  again 
began  to  enter  among  ice-islands.  The  weather  appeared  settled,  but 
I  had  so  often  been  deceived  by  its  fickleness  that  I  felt  no  reliance 
ought  to  be  put  in  its  continuance.  A  powerful  inducement  was  hold 
out  to  us,  in  the  prospect  of  getting  close  enough  to  effect  a  landing ; 
and  this  rendered  us  insensible  to  the  dangers. 

On  the  morning  of  the  30th  the  sun  rose  in  great  brilliancy,  and  the 
some  oould  hardly  be  realised  as  the  same  as  that  we  had  passed  through 
only  twenty-four  hours  before.  All  was  now  quiet ;  a  brisk  breeze  blew 
from  the  eastward,  all  sail  was  set,  and  there  was  every  prospect  that  we 
might  acoomplish  our  object,  for  the  land  was  in  sight,  and  the  icebergs 
■eemed  floating  in  quiet.  We  wound  our  way  through  them  in  a  sea 
so  smooth  that  a  yawl  might  have  passed  over  it  in  safety.  No  straight 
line  oould  have  been  drawn  from  us  in  any  direction  that  would  not 
have  oat  a  dozen  icebergs  in  the  same  number  of  miles,  and  the  wondering 
ezolamations  of  the  officers  and  crew  were  oft  repeated,  '*  How  could  we 
have  passed  through  them  unharmed  ?  "  and  ''  What  a  lucky  ship ! "  At 
8  o'dook  we  had  reached  the  icy  barrier,  and  hove-to  close  to  it.  It  was 
tantalising  with  the  land  in  sight  to  be  again  and  again  blocked  out. 
Open  water  was  seen  near  the  land  to  the  south-west  of  us,  and  a  tor- 
tuous channel  through  the  broken  ice  to  leeward,  apparently  leading  to 
it.  All  sail  was  immediately  crowded ;  we  passed  rapidly  through,  and 
found  ourselves  again  in  clear  water  which  reached  to  the  shores ;  the 
barrier  extending  in  a  line  with  our  course  about  two  miles  to  wind- 
ward, and  a  clear  channel  to  the  north-west  about  two  miles  wide  as  far 
as  the  eye  oould  reach.  Seeing  this,  I  remarked  to  one  of  the  officers 
that  it  would  have  been  a  good  place  to  drift  in  during  the  last 
gale,  little  thinking  that  in  a  few  short  hours  it  would  serve  us  for 
that  purpose  in  still  greater  need.  A  brisk  gale  ensued,  and  the  ship 
ran  at  the  rate  of  nine  or  ten  miles  an  hour;  one  reef  was  taken  in 
the  topsails,  and  we  stood  directly  in  for  the  most  southerly  part  of 
the  bay. 

This  bay  was  formed  partly  by  rooks  and  partly  by  ioe-islands.  The 
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latter  were  aground,  and  on  the  western  side  of  the  bay  extended  aboat 
five  miles  to  the  northward  of  our  position. 

While  we  stood  on  in  this  direction  the  gale  increased,  and  our  room 
became  so  circumscribed  that  we  had  not  time  on  any  one  tack  to  reduce 
our  canvass  before  it  became  necessary  to  go  about.  In  this  way  we 
approached  within  half  a  mile  of  the  dark  volcanic  rocks,  which  appeared 
on  both  sides  of  us,  and  saw  the  land  gradually  rising  beyond  the  ioe  to 
the  height  of  3000  feet,  and  entirely  covered  with  snow.  It  could  be 
distinctly  seen  extending  to  the  east  and  west  of  our  position  fully 
60  miles.  I  make  this  bay  in  longitude  140°  02'  30"  E.,  latitude  66°  46'  8. ; 
and,  now  that  all  were  convinced  of  its  existence,  I  gave  the  land  the 
name  of  the  Antarctic  Continent.  Some  of  the  officers  pointed  out  the 
appearance  of  smoke,  as  if  from  a  volcano,  but  I  was  of  opinion  that  this 
was  nothing  but  the  snow-drift  caused  by  the  heavy  squalls.  There  was 
too  much  wind  at  this  time  to  tack ;  I  therefore  had  recourse  to  luffing 
the  vessel  up  in  the  wind,  and  wore  her  short  round  on  her  heel.  At 
the  same  time  we  sounded,  and  found  a  hard  bottom  at  the  depth  of  no 
more  than  30  fathoms.  I  made  a  rough  sketch  of  this  bay,  which  I 
have  called  Piner*s  Bay,  after  the  signal-quartermaster  of  that  name. 
It  was  impossible  to  lower  a  boat  or  to  remain  longer ;  indeed,  I  felt  it 
imperative  on  me  to  clear  its  confined  space  before  the  floating  ice  might 
close  it  up. 

At  10.30  we  had  gone  round,  and  in  an  hour  more  we  cleared  the 
bay.  At  noon  the  wind  had  increased  to  a  gale,  and  by  1  o'clock  p.m. 
we  were  reduced  to  storm-sails,  with  our  top-gallant  yards  on  deck.  The 
barometer  had  again  declined  rapidly,  proving  a  true  indicator,  but 
giving  little  or  no  warning.  To  run  the  gauntlet  again  among  the  ice- 
bergs was  out  of  the  question,  for  a  large  quantity  of  field-ice  would 
have  to  be  passed  through,  which  must  have  done  us  considerable 
damage,  if  it  did  not  entirely  disable  us.  The  clear  space  we  occupied 
was  retained  until  5  or  6  o'clock,  when  I  found  the  floe-ice  was  coming 
down  upon  us ;  I  then  determined  to  lay  the  ship  for  a  fair  drift  through 
the  channel  I  had  observed  in  the  morning,  and  which  I  had  every 
reason  to  believe,  from  the  wind  (south-east)  blowing  directly  through 
it,  would  not  be  obstructed  until  the  floe-ice  came  down.  It  was  a  con- 
solation to  know  that  if  we  were  compelled  to  drift,  we  should  do  so 
faster  than  the  ice ;  I  therefore  thought  it  as  well  to  avoid  it  as  long  as 
possible.  Another  reason  determined  me  to  delay  the  drifting  to  the 
latest  moment.  I  did  not  believe  that  the  extent  of  the  channel  we  had 
seen  in  the  morning  was  more  than  10  miles  in  extent,  and  at  the  rate 
we  drifted  the  end  of  it  would  be  reached  long  before  the  gale  was  over. 
This,  like  the  former  gale,  was  an  old-fashioned  snow-storm.  All  the 
canvass  we  could  show  to  it  at  one  time  was  a  close-reefed  main-topsail 
and  fore-storm-staysail.  It  blew  tremendously,  and  the  sea  we  expe- 
rienced was  a  short,  disagreeable  one,  but  nothing -to  be  oompai^  to 
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that  which  accompanied  the  first  gale.  From  the  shortness  of  the  sea  I 
inferred  that  we  had  some  current.  This  state  of  things  continued  for 
several  hours,  during  which  we  every  moment  expected  to  reach  the  end 
of  our  channel.  Since  the  last  gale  the  whole  crew,  officers  and  men, 
had  been  put  in  watch  and  watch,  ready  for  an  instantaneous  caU,  and 
prepared  for  rapid  movements.  The  snow  was  of  the  same  sleety  or 
cutting  character  as  that  of  the  previous  day,  and  seemed  as  if  aimed 
with  sharp  icicles  or  needles. 

The  dlst  brought  no  moderation  of  the  weather.  At  1  a* m.  a  group 
<tf  ioe-islands  was  reported,  and  shortly  afterwards  field-ice  close  under 
our  lee. 

We  wore  ship  instantly,  and  just  avoided  coming  in  contact  with 
the  latter ;  sail  was  immediately  made  on  the  ship,  and  the  scene  of 
the  former  gale  again  gone  through  (which  it  is  needless  here  to  repeat), 
with  this  exception,  that  we  were  now  passing  to  and  fro  among  ice- 
bergs immediately  to  windward  of  the  barrier,  and  each  tack  brought 
us  r.earer  to  it.  Between  4  and  5  a.m.  our  space  was  becoming  confined, 
and  there  was  no  abatement  of  the  gale ;  I  therefore,  as  it  had  cleared 
sufSciently  to  enable  us  to  see  a  quarter  of  a  mile,  determined  to  bear 
up  and  run  o£f  north-north-west  for  a  clear  sea.  In  doing  this  we  passed 
icebergs  of  all  dimensions  and  heavy  floe-ice.  By  8.30  we  had  run 
thirty  miles,  when,  finding  a  more  open  sea,  I  judged  we  had  partially 
cleared  the  ice.  At  noon  the  gale  still  continued.  The  lowest  reading 
of  the  barometer  during  this  gale  was  28*59  in. 

After  lasting  thirty  hours  the  gale,  at  6  p.m.,  began  to  moderate  a 
little,  when  we  again  made  sail  to  the  southward.  I  now  felt  inclined 
to  seek  Piner's  Bay  again,  in  order  tp  efifect  a  landing.  This  would 
have  been  a  great  personal  gratification ;  but  the  bay  was  sixty  miles 
distant,  so  that  to  revisit  it  would,  occupy  time  that  was  now  precious ; 
and  feeling  satisfied  that  a  great  extent  of  land  wholly  unknown  lay 
to  the  westward,  I  deemed  it  my  duty  to  proceed  to  its  discovery,  not 
doubting  that  if  my  opinions  of  its  existence  were  correct,  a  place 
equally  feasible  for  landing  would  be  found.  Another  subject  also  pre- 
sented itself^  which,  for  a  time,  caused  me  some  anxiety,  and  which  I 
oonfess  was  not  only  unexpected  by  me,  but  directly  at  variance  with 
my  own  observations  on  the  condition  of  my  crew.  As  I  feel  compelled 
to  give  a  complete  detail  of  our  proceedings,  I  must  now  revert  to  this 
■nbjeot. 

The  following  report  of  the  medical  officers  of  the  ship  was  made 
to  me  on  the  day  of  its  date. 

"U.8.  Ship  Vineennes, 

At  Sea,  January  31  st,  1840. 

*^  Sir, — ^It  becomes  our  duty,  as  medical  officers  of  this  ship,  to  report 
to  yon  in  writing  the  condition  of  the  crew  at  the  present  time. 

**  The  number  upon  the  list  this  morning  is  fifteen ;  most  of  these 
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oases  are  ooDsequent  upon  the  extreme  hardships  and  exposure  they 
have  undergone  during  the  last  gales  of  wind,  when  the  ship  has  been 
surrounded  with  ioe. 

"This  number  is  not  large,  but  it  is  necessary  to  state  that  the 
general  health  of  the  crew,  in  our  opinion,  is  decidedly  affected,  and 
that  under  ordinary  circumstances  the  list  would  be  very  much  in- 
creased, while  the  men  under  the  present  exigencies,  actuated  by  a 
laudable  desire  to  do  their  duty  to  the  last^  refrain  from  presenting 
themselves  as  applicants  for  the  list. 

*'  Under  these  circumstances  we  feel  ourselves  obliged  to  report  that, 

in  our  opinion,  a  few  days  more  of  such  exposure  as  they  have  already 

undergone,  would  reduce  the  number  of  the  crew  by  sickness  to  such 

an  extent  as  to  hazard  the  safety  of  the  ship  and  the  lives  of  all  on 

board. 

'*  Very  respectfully,  your  obedient  servants, 

(Signed)  J.  L.  Fox, 

A$$istanl  Surgeon. 

T.  8.  Whittlb, 

Ajuiitant  Surgeon. 
"To  Charlbs  Wokrs,  Esq., 

Commanding  Exploring  Expedition.'* 

Although  my  own  opinion,  as  I  have  stated,  differed  from  that  ex- 
pressed in  the  report,  I  deemed  it  my  duty  to  ask  the  opinion  of  the 
ward-room  officers,  and  also,  in  order  to  procure  additional  medical 
advice,  restored  to  duty  Acting-Surgeon  Gilchrist,  who  was  under  sus- 
pension. The  opinion  of  the  ward-room  officers  was  asked  in  a  written 
circular,  of  which  the  following  is  a  copy. 

*'  U.8.  Ship  VincmnM, 
At  Sea,  January  Slst,  1840. 

**  Gentlemen, — The  receipt  of  the  enclosed  report  of  Drs.  Fox  and 
Whittle,  relative  to  the  health  and  condition  of  the  crew  of  this  ship 
at  this  time,  renders  it  necessary  for  me  to  decide  whether  it  is  ex- 
pedient to  push  farther  south  in  exploration  under  the  present  circum- 
stances. 

"  As  you  are  acquainted  with  all  the  circumstances,  it  is  unnecessary 
to  repeat  them)  except  to  remark  that  your  opinion  is  requested  before 
I  decide  upon  the  course  to  be  pursued,  in  consequence  of  the  strong 
bias  self-interest  might  give  me  in  the  prosecution  of  our  arduous 
duties.  I  wish  the  report  returned  to  me,  and  for  you  to  communicate 
your  opinion  in  writing. 

"  I  am,  respectfully,  etc., 

GfURLEs  Wilkes, 

Commanding  Exploring  Esmeditum, 
"  To  the  Ward-Eoom  Officers, 

U.S.  Ship  Vincennee:' 
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The  answers  to  this  letter  will  be  seen  in  Appendix  XXVII. ;  and 
it  is  sufficient  here  to  say  that  a  majority  concurred  in  opinion  with  the 
report  of  the  medical  officers.  Notwithstanding  these  opinions,  I  was 
not  satisfied  that  there  was  sufficient  cause  to  change  my  original  deter- 
mination of  passing  along  to  the  appointed  rendezvous,  and  after  full 
consideration  of  the  matter  I  came  to  the  conclusion,  at  whatever  hazard 
to  ship  and  crew,  that  it  was  my  duty  to  proceed,  and  not  give  up 
the  omise  until  the  ship  should  be  totally  disabled,  or  it  should  be 
evident  to  all  that  it  was  impossible  to  persist  any  longer.  In  bringing 
myself  to  this  decision,  I  believe  that  I  viewed  the  case  on  all  sides 
with  fumess,  and  allowed  my  duty  to  my  country,  my  care  for  those 
whom  it  had  committed  to  my  charge,  and  my  responsibility  to  the 
world,  each  to  have  its  due  weight. 

The  weather  now  moderated,  and  I  ordered  sail  to  be  made.  The 
2nd  of  February  found  us  about  sixty  miles  to  the  westward  of  Piner's 
Bay,  steering  to  the  southward,  and  as  usual,  among  ice-islands,  with 
the  land  in  sight.  The  land  had  the  same  lofty  appearance  as  before. 
We  stood  in  until  3  p.m.,  when  we  were  within  two  and  a-half  miles  of 
the  icy  cli£fs  by  which  the  land  was  bounded  on  all  sides.  These  were 
from  150  to  200  feet  in  height,  quite  perpendicular,  and  there  was  no 
appearance  whatever  of  rocks ;  all  was  covered  with  ice  and  snow.  A 
short  distance  from  us  to  the  westward  was  a  long  range  of  icebergs 
aground,  which,  contrary  to  the  usual  appearance,  looked  much  weather- 
beaten.  We  tried  for  soundings,  but  did  not  get  any  with  150  fathoms, 
although  the  water  was  much  discoloured.  The  badness  of  the  deep- 
sea  line  was  a  great  annoyance  to  us,  for  deeper  soundings  would  probably 
have  obtained  bottom.  No  break  in  the  icy  barrier,  where  a  foot  could 
be  set  on  the  rocks,  was  observable  from  aloft.  The  land  still  trended 
to  the  westward  as  far  as  the  eye  could  reach,  and  continued  to  exhibit 
the  same  character  as  before.  Our  longitude  now  was  137°  02'  E.,  lati- 
tude 66°  12'  S. ;  we  found  the  magnetic  declination  westerly. 

This  proved  a  fine  day,  so  that  we  had  an  opportunity  of  airing  the 
men's  bedding,  of  ventilating  the  ship,  and  of  getting  rid  of  the  ice 
with  which  we  were  much  encumbered.  The  thermometer  varied  from 
33°  to  36°.  Our  sick-list  had  increased  the  last  few  days  to  twenty ; 
mapy  of  the  men  were  affected  with  boils,  which  rendered  them  com- 
paratively useless ;  and  ulcers,  which  were  caused  by  the  least  scratch, 
were  exceedingly  prevalent ;  but  their  food  was  good,  they  had  plenty 
of  it)  and  their  spirits  were  excellent.  The  high  land  was  seen  this 
afternoon,  but  the  barrier  along  which  we  were  passing  prevented  any 
nearer  approach.  This  evening  it  was  perceptible  that  the  days  were 
becoming  shorter,  which  was  a  new  source  of  anxiety,  for  we  were  often 
•QROunded  by  numerous  ice-islands,  which  the  darkness  rendered  more 
dangerous. 

Towards  evening  the  weather  became  unsettled,  and  the  3rd  of 


896  THE  ANTARCTIC  MANUAL. 

Febmary  was  ushered  in  by  another  gale,  aeoompanied  with  snow.  The 
barometer  fell  lower  than  heretofore,  namely  to  28-460  in. ;  the  thermo- 
meter stood  at  33^.  Before  the  thiok  snow  came  on  we  had  taken  the 
bearings  of  the  ioe-islands,  and  finding  we  had  a  few  miles  comparatively 
free  from  them,  I  determined  to  await  the  result  of  the  storm,  and  made 
everything  snug  to  encounter  it.  The  gale  oontinued  throughout  the 
day,  and  although  it  moderated  after  5  p.m.  we  had  some  strong  squalls, 
but  nothing  so  violent  as  those  we  had  already  experienced.  The  ship, 
in  consequence  of  the  snow,  became  more  damp  and  uncomfortable,  and 
our  sick-list  was  increased  to  thirty,  who  were  rather  overcome  by  want 
of  rest  and  fatigue  than  affected  by  any  disease.  To  remedy  the  damp- 
ness a  stove  was  placed  on  the  gun-deck,  and  fires  kept  burning  in  the 
galleys  on  the  berth-deck,  more  for  the  purpose  of  drying  the  men's 
clothes  than  for  warmth.  We  had  no  observations  this  day,  but  the 
dead  reckoning  gave  the  longitude  134°  E.,  latitude  63°  49'  S. 

The  4th  and  5th  the  weather  continued  the  same;  as  the  winds 
became  lighter  thick  snow  fell,  and  we  were  able  to  see  only  a  short 
distance  from  the  ship.  We  contrived  by  manoeuvring  to  retain  our 
position.  On  this  last  day  we  got  a  tolerable  observation,  which  gave 
our  longitude  as  133°  42'  E.,  and  latitude  64°  06'  S. 

The  first  part  of  the  6th  the  same  thick  weather  continued,  but 
towards  4  p.m.  it  began  to  clear,  when  we  again  made  sail,  until  we  saw 
and  took  the  bearings  of  the  barrier.  We  found  ourselves  situated 
opposite  the  part  of  it  we  had  seen  three  days  before.  It  still  had  the 
appearance  of  being  attached  to  the  land  and  in  one  uninterrupted  line. 
Wishing  to  examine  it  closely,  I  hove-to  for  broad  daylight.  Many 
whales,  penguins,  flocks  of  birds,  and  some  seals  were  reported. 

On  the  7th  we  had  much  better  weather,  and  continued  all  day 
running  along  the  perpendicular  icy  barrier,  about  150  feet  in  height. 
Beyond  it  the  outline  of  the  high  land  could  be  well  distinguished.  At 
6  p.m.  we  suddenly  found  the  barrier  trending  to  the  southward,  and 
the  sea  studded  with  icebergs.  I  now  hauled  off  until  daylight,  in  order 
to  ascertain  the  trending  of  the  land  more  exactly.  I  place  this  point, 
which  I  have  named  Cape  Carr,  after  the  first  lieutenant  of  the  Vin- 
eennes,  in  longitude  131°  40'  E.,  and  latitude  64°  49'  S. 

On  the  8th,  at  daylight,  we  again  made  sail  to  the  southward,  and 
found  at  4  a.m.  the  field  of  ice  had  stopped  our  progress,  and  the 
weather  was  thick.  Land  was  no  longer  seen  to  the  south,  a  deep  bay 
apparently  making  in.  We  continued  our  course  to  the  westward  along 
the  barrier  until  8  p.m.,  when  we  were  again  brought-to.  At  7  p.m.  we 
had  strong  indications  of  land ;  the  barrier  was  of  the  former  perpendicular 
form,  and  later  the  outline  of  the  continent  appeared  distinct,  though 
distant.  The  night  was  dark  and  unpleasant.  At  noon  our  longitude 
was  127°  07'  E.,  and  latitude  65°  03'  S. ;  variation  14°  30'  westerly. 

On  the  9th  we  had  the  finest  day  we  had  yet  experienced  osi 
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oout ;  (he  wind  had  veered  from  the  east  to  Houth-west,  and  given  us 
a  dear,  braoing,  and  wholesome  atmosphere.  The  barrier  exhibited  the 
same  appearance  as  yesterday.  Our  longitude  was  125°  19'  E.,  latitude 
6fi°  08'  8.,  variation  32°  46'  westerly.  The  oarreat  was  tried,  but  none 
found;  the  pot  was  only  visible  at  five  fathoms;  the  colour  of  the 
water  a-dirty  green ;  the  dip  sector  gave  3'  15".  I  never  saw  a  clearer 
horison,  or  one  better  defined  than  we  had  to  the  northward.  The 
ioy  barrier  was  really  beautiful.  At  midnight  we  had  a  splendid 
display  of  the  Aurora  Australia,  extending  all  around  the  northern 
h    izon,  from  west-by-nurth  to  east-north-esst. 


Before  its  appearance,  a  few  clouds  only  were  seen  in  the  south-east, 
on  which  the  setting  sun  cast  a  red  tint  that  barely  rendered  them 
visible.  The  horizon,  with  thii  exceptiuo,  appeared  clear  and  well 
defined.  The  spurs  or  brushes  of  light  frequently  reached  the  zenith, 
converging  to  a  point  near  it. 

Although  no  clouds  could  be  seen  in  the  direction  of  the  aurora, 
before  or  after  its  appearance,  yet,  when  it  was  first  seen,  iJiere  appeared 
doads,  of  the  form  of  massive  cumuli,  tinged  with  pale  yellow,  and 
bdimd  them  arose  brilliant  red,  purple,  orange,  and  yellow  tints, 
Strwuning  upwarda  in  innumerable  radiations,  with  all  the  shndes  that 
a  oombination  of  these  colours  oould  effect.     In  its  most  brilliant  state 
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it  lasted  about  twenty  minutes.  The  gold-leaf  electrometer  was  tried, 
but  without  being  affected:  the  instrument,  however,  was  not  very 
sensitive.  Being  somewhat  surprised  at  the  vast  mass  of  cumuli  which 
appeared  during  the  continuance  of  the  aurora,  I  watched  after  its  dis- 
appearance till  daylight,  but  could  see  only  a  few  clouds :  I  am,  thero- 
fore,  inclined  to  impute  the  phenomenon  to  some  deception  caused  by 
the  light  of  the  aurora.    The  apparent  altitude  of  these  clouds  was  8^. 

On  the  10th  we  were  again  favoured  by  the  weather ;  it  gave  ub  a 
fine  sunshine,  and  an  opportunity  of  airing  the  ship  and  drying  the 
clothes.    All  the  sick  were  improving  in  health. 

Running  close  along  the  barrier,  which  continued  of  the  same  cha- 
racter, although  more  broken  than  yesterday,  we  saw  an  appearance  of 
land,  although  indistinctly,  to  the  southward.  The  water  was  of  the 
same  colour  here  as  before,  and  the  wind  being  from  the  south-south- 
east we  made  some  progress,  and  found  ourselves  in  longitude  122°  35'  K, 
latitude  65°  2T  S. ;  the  variation  had  now  increased  to  44°  3(y  westerly* 
No  aurora  was  seen  this  night,  although  it  was  looked  for  anxiously. 

nth. — The  barometer  had  been  stationary  at  29*080  in.  for  the 
last  three  days ;  it  now  began  to  fall ;  the  temperature  of  the  air  was 
31°,  of  the  wat^r  32°.  The  fall  of  the  barometer  was  soon  followed  by 
snow  and  thick  weather.  The  trending  of  the  barrier  had  been  south- 
west by  west,  and  a  good  deal  of  floe-ice  had  been  met  with,  which  we 
ran  through.  The  sea  was  quite  smooth,  and  many  icebergs  wore< 
enclosed  in  the  barrier,  which  was  very  compact  and  composed  of  flat 
fields.    At  10  p.m.  I  found  it  too  dark  to  run,  and  hove-to. 

During  the  12th  we  had  pleasant  weather,  and  at  2  a.m.  filled  away. 
At  8  a.m.  land  was  reported  to  the  south-west  Keeping  along  the 
barrier  and  increasing  our  latitude,  I  again  had  hopes  of  getting  near 
the  land.  We  passed  through  great  quantities  of  floe-ice  until  1  p.m., 
when  the  solid  barrier  prevented  our  farther  progress.  Land  was  now 
distinctly  seen,  from  eighteen  to  twenty  miles  distant,  bearing  from 
south-south-east  to  south-west — a  lofty  mountain  range,  covered  with 
6now,  though  showing  many  ridges  and  indentations.  I  laid  the  ship 
to  for  three  hours,  in  hopes  of  discovering  some  opening  or  movement 
in  the  ice,  but  none  was  experienced.  I  tried  the  current,  and  found 
none.  The  water  was  of  a  dirty  dark  green.  We  sounded  with  the 
wire-line  in  250  fathoms,  and  found  no  bottom.  The  temperature  at 
that  depth  was  30^°,  of  the  air  31"^.  The  barrier  had  in  places  the 
appearance  of  being  broken  up,  and  we  had  decreased  our  longitude 
to  112°  16'  12"  E.,  while  our  latitude  was  64°  57'.  This  puts  the  land 
in  about  65°  20'  S.,  and  its  trending  nearly  east  and  west.  The  line  of 
the  icy  barrier  was  generally  uniform,  although  it  was  occasionally 
pierced  with  deep  bays.  We  saw  some  icebergs  with  decided  spots  of 
earth  on  thom,  which  gave  me  hopes  of  yet  obtaining  the  object  of  my 
wishes.    The  water  was  remarkably  smooth  during  this  day,  and  the 
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weatlier  clear,  enabling  ns  to  see  a  great  distance.  Two  hours  after  we 
bore  away  we  left  the  floe-ioe,  and  entered  a  clear  sea  to  the  westward, 
where  we  lost  sight  of  the  barrier  for  a  time ;  but  in  hauling  up  to  the 
south-west  it  was,  by  8  p.m.,  within  three  miles  of  us,  when  we  again 
kept  off  parallel  to  its  trending.  The  appearance  of  land  still  con- 
tinued. Shortly  after  I  hove-to,  for  the  purpose  of  awaiting  the  day- 
light, to  continue  our  observations  of  the  land,  with  little  prospect  or 
probability  of  reaching  it,  from  the  immense  quantity  of  ice  which 
continued  to  form  an  impenetrable  barrier. 

18th. — At  2  ajn.  we  made  sail  to  the  souih-west,  in  order  to  dose 
with  the  barrier,  which  we  found  retreated  in  that  direction,  and  gave 
us  every  prospect  of  getting  nearer  to  it.  Our  course  for  the  most 
part  was  through  icebergs  of  tabular  form.  In  the  afternoon  we  had 
the  land  ahead,  and  stood  in  for  it  with  a  light  breeze  until  6.30  p.m., 
when  I  judged  it  to  be  ten  or  twelve  miles  distant.  It  was  very  dis- 
tinct, and  extended  from  westHsouth-west  to  south-south-east.  We  were 
now  in  longitude  106"  40^  E.,  and  latitude  65''  57'  S. ;  the  variation  was 
54°  SO'  westerly.  The  water  was  very  green.  We  sounded  in  300 
fathoms,  and  found  no  bottom.  The  weather  having  an  unsettled 
appearance,  we  stood  off  to  seek  a  clearer  space  for  the  night.  The 
land  left  was  high,  rounded,  and  covered  with  snow,  resembling  that 
first  discovered,  and  had  the  appearance  of  being  bound  by  perpendicular 
icy  oUfis. 

14A. — At  daylight  we  again  made  sail  for  the  land,  beating  in  for  it 
until  11  a.m.,  when  we  found  any  i^rther  progress  quite  impossible.  I 
then  judged  that  it  was  seven  or  eight  miles  distant.  The  day  was  re- 
markably clear  and  the  land  very  distinct.  By  measurement  we  made  the 
extent  of  coast  of  the  Antarctic  Continent,  which  was  then  in  sight, 
seventy-five  miles,  and  by  approximate  measurement  3000  feet  high. 
It  was  entirely  covered  with  snow.  Longitude  at  noon  106"^  18'  42"  E., 
latitude  65"^  59'  40''  S.,  variation  57"^  05'  westerly.  On  running  in  we  had 
pasted  several  icebergs,  greatly  discoloured  with  earth,  and  finding  we 
oould  not  approach  the  shore  any  nearer,  I  determined  to  land  on  the 
largest  ice-island  that  seemed  accessible,  to  make  dip,  intensity,  and 
variation  observations.  On  coming  up  with  it,  about  one  and  a-half 
miles  from  where  the  barrier  had  stopped  us,  I  hove  the  ship  to,  lowered 
the  boats,  and  fortunately  effected  a  landing.  We  found  embedded  in  it 
in  places,  boulders,  stones,  gravel,  sand,  and  mud  or  clay.  The  larger 
specimens  were  of  red  sandstone  and  basalt.  No  signs  of  stratification 
were  to  be  seen  in  it,  but  it  was  in  places  formed  of  icy  conglomerate 
(if  I  may  use  the  expression),  composed  of  large  pieces  of  rocks,  as  it 
were  frozen  together,  and  the  ice  was  extremely  hard  and  flint- like. 
The  largest  boulder  embedded  in  it  was  about  5  or  6  feet  in  diameter, 
but  being  situated  under  the  shelf  of  the  iceberg,  we  were  not  able  to 
get  at  it    Many  specimens  were  obtained,  and  it  was  amusing  to  see 
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the  eagemcBe  and  desire  of  all  hands  to  poeaess  themBelves  of  a  pieoe  of 
the  Antarctic  Guntiiieut.     These  pit^ces  were  in  great  demand  during 


the  remainder  of  the  cruise.  In  the  centie  nf  tbitt  iceberg  was  fband  ft 
pond  of  most  delicious  water,  over  which  was  a  scum  of  ioe  about 
10  inohes  thick.    We  obtained  from  it  about  600  gallons.    We  r 
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upon  this  iceberg  several  hours,  and  the  men  amused  themselves  to  their 
heart's  content  in  sliding.  The  pond  was  three  feet  deep,  extending 
over  an  area  of  an  acre,  and  contained  sufficient  water  for  half-a-do2sen 
ships.  The  temperature  of  the  water  was  31°.  This  island  had  been 
undoubtedly  turned  partly  over,  and  had  precisely  the  same  appearance 
that  the  icy  barrier  would  have  exhibited  if  it  had  been  turned  bottom  up 
and  subsequently  much  worn  by  storms.  There  was  no  doubt  that  it 
had  been  detached  from  the  land,  which  was  about  eight  miles  distant. 
The  view  of  the  land,  ice,  etc.,  taken  from  this  ice-island,  is  exhibited 
in  the  opposite  plate,  and  gives  a  correct  representation  of  these  desolate 
regions* 

.  Around  the  iceberg  we  found  many  species  of  zoophytes,  viz.  salpee, 
a  beautiful  specimen  of  clio  helicina,  some  large  pelagic,  and  many  large 
emstacea.  I  made  several  drawings  of  them.  This  day,  notwithstand*- 
ing  our  disappointment  in  being  still  repelled  from  treading  on  the  new 
continent,  was  spent  with  much  gratification,  and  gave  us  many  new 
specimens  from  it. 

Finding  that  we  had  reached  the  longitude  of  105°  E.  before  the  time 
anticipated,  and  being  desirous  to  pursue  the  discoveries  farther  west, 
I  left  a  signal  flying  on  this  berg,  with  a  bottle  containing  instructions 
for  the  other  vessels,  directing  them  to  proceed  to  the  westward  as  far 
as  they  could  in  the  time  which  should  remain  prior  to  the  1st  of  March. 
At  8  p.m.  we  joined  the  ship,  and  bore  away  again  to  the  westward, 
intending  to  pursue  the  route  pointed  out  to  them. 

On  the  15th  we  passed  many  icebergs,  much  discoloured  with  earth, 
stones,  etc.,  none  of  which  appeared  of  recent  formation.  The  weather 
this  day  became  lowering,  and  the  breeze  fresh ;  we  double-reefed  the 
topsails  and  made  everything  snug ;  the  wind  was  from  the  southward. 
At  noon  this  day  we  were  in  longitude  104°  E.,  latitude  64°  06'  S.  The 
sea  had  been  remarkably  smooth  the  last  few  days,  and  no  swell, 
and  I  began  to  entertain  the  idea  that  we  might  have  a  large  body  of 
ice  to  the  northward  of  us,  for  the  position  where  Cook  found  the 
barrier  in  1773  was  200  miles  further  to  the  north.  I  determined,  how- 
ever, to  pass  on  in  our  explorations,  hoping  they  might  enable  mo  to 
join  that  of  Endorby's  Land.  I  deemed  it  a  great  object  actually  to 
prove  the  continuity  with  it  if  possible :  and  if  disappointed  in  this,  I 
should  at  any  rate  ascertain  whether  there  had  been  any  change  in  the 
ioe  in  this  quarter  since  the  time  of  Cook,  which  had  been  done  already 
near  his  Ne  Plus  Ultra. 

We  had  a  vast  number  of  whaUs  about  us  this  day,  as  well  as  pen- 
guins, Cape  pigeons,  white  and  grey,  and  small  and  large  petrels. 
Some  seals  also  were  seen. 

I  was  now  happy  to  find  the  health  of  my  crew  had  become  re- 
established, and  that  only  a  few  remained  on  the  sick-list.  This,  I 
think,  was  efiected  by  constant  attention  to  their  being  warmly  clothed. 

2  D 
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Tho  icebergs  were  covered  with  penguins;  several  oflSxsers  landed 
on  the  icebergs  to  get  a  few  as  specimens.  On  their  return  some  pen- 
guins followed  them  closely,  particularly  one,  who  at  last  leaped  into 
the  boat.  It  was'  supposed  that  its  mate  had  been  among  those  taken, 
and  that  it  had  followed  on  that  account.  If  this  were  the  fact,  it 
would  show  a  remarkable  instinctive  affection  in  this  bird. 

On  the  16th  the  barrier  of  ice  trended  to  the  northward,  and  we 
were  obliged  to  haul  to  the  north-east,  passing  through  a  large  number 
of  ice-islands,  many  of  which  were  stained  with  earth.  In  the  after- 
noon a  large  sea-elephant  was  discovered  on  the  ice;  two  boats  were 
sent  to  effect  his  capture,  and  many  balls  were  fired  into  him,  but  he 
showed  the  utmost  indifference  to  their  effect,  doing  no  more  than  to 
raise  his  head  at  each  shot.  He  contrived  to  escape  by  floundering  over 
the  ice  until  he  reached  the  water,  in  which  he  was  quite  a  different 
being. 

At  about  7  p.m.  Dr.  Fox  was  despatched  in  a  boat  to  visit  an  ice- 
island  that  was  very  much  discoloured  with  clay  in  patches.  He  re- 
ported that  there  was  upon  it  a  large  pond  of  muddy  water,  not  frozen, 
although  the  temperature  on  board  was  much  below  the  freezing-point. 
We  observed  around  the  icebergs  numerous  right  whales,  puffing  in  all 
directions.  A  large  quantity  of  small  Crustacea,  including  shrimps, 
were  here  seen  around  the  icebergs.  These  are  believed  to  be  the  cause 
that  attracts  whales  to  these  parts;  they  also  supply  the  numerous 
penguins  with  their  food.  For  several  days  I  observed  a  great  difference 
in  the  wind,  by  day  and  by  night.  It  had  been  fresh  from  the  hour 
of  seven  in  the  morning  until  8  p.m.,  when  it  generally  becomes  light 
or  dies  away  altogether.  To-day  we  found  ourselves  in  longitude  99°  E. 
and  latitude  64^  21'  S.  We  to-day  made  observations  throughout  the 
twenty-four  hours  with  Leslie's  photometer.  These  results  will  be 
found  embraced  in  the  volume  of  Meteorology. 

On  the  17  th,  about  10  a.m.,  we  discovered  the  barrier  extending  in 
a  line  ahead,  and  running  north  and  south  as  far  as  the  eye  oould  reach. 
Appearances  of  land  were  also  seen  to  the  south-west,  and  its  trending 
seemed  to  be  to  the  northward.  We  were  thus  cut  off  from  any  further 
progress  to  the  westward,  and  obliged  to  retrace  our  steps.  This  posi- 
tion of  the  ice  disappointed  me,  although  it  concurred  with  what  was 
reasonably  to  be  expected.  We  were  now  in  longitude  97°  37'  E.  and 
latitude  64°  01'  S. ;  our  variation  was  66°  21'  westerly,  being  again  on 
the  decrease.  To-day  we  had  several  snow-squalls,  which,  instead  of 
being  in  flakes,  was  in  small  grains,  as  round  as  shot,  and  of  various 
sizes,  from  that  of  mustard-seed  to  buck-shot.  It  was  remarkably  dry, 
pure  white,  and  not  at  all  like  hail.  We  found  the  bay  we  had  entered 
was  fifty  or  sixty  miles  in  depth,  and  having  run  in  on  its  southern  side, 
I  determined  to  return  along  its  northern  shore,  which  we  set  about 
with  muoh  anxiety,  as  the  weather  began  to  change  for  the  worse. 
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Oar  Bitoation  was  by  no  means  snoh  as  I  should  have  chosen  to  en- 
counter bad  weather  in,  the  bay  being  sprinkled  with  a  great  many 
large  ioebergs.  Here  we  met  with  a  large  number  of  whales,  whose 
ourioBity  seemed  awakened  by  our  presence.  Their  proximity,  however, 
was  anything  but  pleasant  to  us,  and  their  blowings  resembled  that  of 
a  number  of  locomotives.  Their  close  approach  was  a  convincing  proof 
that  they  had  never  been  exposed  to  the  pursuit  of  their  skilful  hunters. 
They  were  of  the  fin-back  species,  and  of  extraordinary  size. 

Between  ten  and  eleven  o'clock  at  night  it  was  entirely  clear  over- 
head, and  we  were  gratified  with  a  splendid  exhibition  of  the  Aurora 
Australis.  It  exceeded  anything  of  the  kind  I  had  heretofore  witnessed ; 
its  activity  was  inconceivable,  darting  from  the  zenith  to  the  horizon  in 
all  directions  in  the  most  brilliant  coruscations ;  rays  proceeding  as  if 
from  a  point  in  the  zenith,  flashed  in  brilliant  pencillings  of  light,  like 
sparks  of  electric  fluid  in  vacuo,  and  reappear  again  to  vanish ;  forming 
themselves  into  one  body,  like  an  umbrella,  or  fan,  shut  up;  again 
emerging  to  flit  across  the  sky  with  the  rapidity  of  light,  they  showed 
all  the  prismatic  colours  at  once  or  in  quick  succession.  So  remarkable 
were  the  phenomena  that  even  our  sailors  were  constantly  exclaiming 
in  admiration  of  its  brilliancy.  The  best  position  in  which  to  view  it 
was  by  lying  flat  upon  the  deck,  and  looking  up.  The  electrometer 
was  tried,  but  no  effect  perceived.  The  star  Canopus  was  in  the 
zenith  at  the  time,  and  though  visible  through  the  aurora,  was  much 
diminished  in  brightness.  On  this  night  also  the  moon  was  partially 
eclipsed. 

Large  icebergs  had  now  become  very  numerous,  and  strengthened 
the  belief  that  the  land  existing  in  this  vicinity  had  taken  a  very 
decided  trend  to  the  northward.  I  accordingly  followed  up  the  northern 
barrier  dosely,  and  passed  through  the  thickest  of  these  bergs,  well 
knowing  from  our  experience  that  we  should  have  little  or  no  oppor- 
tunity of  seeing  the  land  unless  on  the  inner  side  of  them.  It  appeared 
as  though  they  had  collected  here  from  other  places,  and  it  is  impossible 
to  form  an  idea  of  the  small  space  to  which  we  were  at  times  confined. 
Upwards  of  100  ice-islands  could  be  counted  at  a  time  without  the 
aid  of  a  glass,  some  of  which  were  several  miles  long.  We  enjoyed 
this  beautiful  sight  with  the  more  pleasure,  for  we  had  become  used 
to  them,  and  knew  from  experience  that  it  was  possible  to  navigate 
through  them  without  accident. 

On  the  18th  we  continued  beating  to  the  eastward,  and  found  no 
end  to  the  apparently  interminable  barrier.  We  had  a  smooth  sea  and 
better  weather  than  I  anticipated.  At  noon  we  had  retraced  our  way 
about  forty  miles.  To-day  we  again  had  snow,  which  fell  in  the  form 
of  regular  six-pointed  stars.  The  needles  of  which  these  stars  were 
formed  were  quite  distinct,  and  of  regular  crystals.  The  temperature 
at  the  time  was  28^    The  barometer  stood  at  28*76  in.  about  three- 
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tenths  lower  than  we  had  had  it  for  the  last  twelve  days.  The  wind 
was  easterly. 

19th. — During  this  day  the  barrier  trended  more  to  the  north-east* 
and  we  not  unfrequently  entered  bays  so  deep  as  to  find  ourselves,  on 
reaching  the  extremity,  cut  oflf  by  the  barrier,  and  compelled  to  return 
to  within  a  few  miles  of  the  place  where  we  had  entered.  I  thought 
at  first  that  this  might  have  been  caused  by  the  tide  or  current,  but 
repeated  trials  showed  none.  Neither  did  I  detect  any  motion  in  the 
floating  ice  except  what  was  caused  by  the  wind.  Our  longitude  to-day 
was  101°  E.,  latitude  63°  02'  S.  Some  anxiety  seemed  to  exist  among 
the  officers  and  crew  lest  we  should  find  ourselves  embayed  or  Cfut  off 
from  the  clear  sea  by  a  line  of  barrier.  There  appeared  strong  reason 
for  this  apprehension,  as  the  smooth  sea  we  had  had  for  several  days 
still  continued,  we  had  been  sailing  as  if  upon  a  river,  and  the  water 
had  not  assumed  its  blue  colour. 

It  was,  therefore,  with  great  pleasure  that  on  the  20th  a  slight  swell 
was  perceived,  and  the  barrier  began  to  trend  more  to  the  northward, 
and  afterwards  again  to  the  westward.  In  the  morning  we  found  our- 
selves still  surrounded  by  great  numbers  of  ice-islands.  After  obtaining 
a  tolerably  clear  space,  the  day  being  rather  favourable,  we  sounded 
with  the  deep-sea  line  850  fathoms ;  Six's  thermometer  gave  at  the  sur- 
face 31°,  and  at  the  depth  of  850  fathoms  35°,  an  increase  of  four  degrees. 
The  current  was  again  tried,  but  none  was  found.  A  white  object  was 
visible  at  11  fathoms.     The  water  had  now  assumed  a  bluish  cast. 

We  endeavoured  to-day  to  land  on  an  iceberg,  but  there  was  too 
much  sea.  Shrimps  were  in  great  quantities  about  it,  but  swam  too 
deep  to  be  taken.  The  wind  again  hauled  to  the  westward,  which  dis- 
appointed me,  as  I  was  in  hopes  of  getting  to  the  position  where  Cook 
saw  the  ice  in  1773,  being  now  nearly  in  the  same  latitude.  It  was  less 
than  100  miles  to  the  westward  of  us,  and  little  doubt  can  exist  that  its 
situation  has  not  changed  materially  in  sixty-seven  years. 

The  observations  of  the  squadron  during  this  season's  Antarctic 
cruise,  together  with  those  of  the  preceding  year,  would  seem  to  confirm 
the  opinion  that  very  little  change  takes  place  in  the  line  of  ice.  It 
may  be  inferred  that  the  line  of  perpetual  congelation  exists  in  a  lower 
latitude  in  some  parts  of  the  southern  hemisphere  than  in  others.  The 
icy  barrier  retreats  several  degrees  to  the  south  of  the  Antarctic  Circle 
to  the  west  of  Cape  Horn,  while  to  the  eastward  it  in  places  advances  to 
the  northward  of  that  line,  which  is  no  doubt  owing  to  the  situation  of 
the  land.  From  the  great  quantities  of  ice  to  be  found  drifting  in  all 
parts  of  the  ocean  in  high  southern  latitudes,  I  am  induced  to  believe 
that  the  formation  of  the  ice-islands  is  much  more  rapid  than  is  generally 
supposed.  The  manner  of  their  formation  claimed  much  of  my  attention 
while  among  them,  and  I  think  it  may  be  explained  satisfactorily  and 
without  difficulty.    In  the  first  place,  I  conceive  that  ice  requires  a 
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nttcIeoB  whereon  the  fogs,  mow,  and  rain  may  congeal  and  accumnlate ; 
tlu§  the  land  affords.  Accident  then  separates  pait  of  this  mass  of  ioe 
from  the  land,  when  it  drifts  off,  and  ia  brokon  into  many  pieces,  and 
part  of  this  may  again  join  that  which  is  in  process  of  formation.  The 
aketch  in  Chapter  IX.  has  already  given  the  reader  some  idea  of  its 
appearanoe  in  this  state. 

From  the  aoonmTiIation  of  mow,  such  a  mass  speedily  asBumes  a 
flat  or  table-topped  shape,  and  continues  to  increase.  As  these  layers 
socumnlate  the  ffeld-ioe  begins  to  sink,  each  storm  (there  of  frequent 
occnrrenoe)  tending  to  give  it  more  weight.  The  part  which  is  now 
attached  to  the  land  remains  aground,  whilst  that  which  is  more  remote, 
being  in  deep  water,  is  free  to  sink.  The  accamulated  weight  on  its 
onter  edge  prodnces  fissnres  or  fractures  at  the  point,  where  it  takes  the 
ground,  which  the  frosts  increase ;  thus  separated,  the  surface  again 
becomes  horizoutal,  and  continues  to  receive  new  layers    from   snow, 


rain,  and  even  fogs,  being  still  retained  to  the  parent  mass  by  the 
force  of  attraction.  The  fogs  have  no  small  influeuoe  in  contributing 
to  the  accumulation ;  some  idea  may  be  formed  of  the  increase  from 
this  cause,  from  the  fact  that  during  a  few  hours  the  ice  accumu- 
lated to  the  thickness  of  a  quarter-of-an-inoh  on  our  rigging  and  spars, 
thong^  neither  rain  nor  snow  fell.  It  may  therefore,  I  think,  be  safely 
SBBert«d  that  these  icebergs  are  at  all  times  on  the  increase ;  for  there 
are  few  dajrs,  according  to  our  experience  in  this  climate,  in  which  some 
mode  of  precipitation  does  not  prevail  in  these  high  latitudes,  where, 
aooording  to  our  observations,  ice  seldom  melts.  The  temperature  of 
even  the  summer  months  being  rarely  above  the  freezing  point,  maasea 
of  1000  feet  in  thickness  might  require  but  few  years  to  form.  Icebergs 
■mm  wen  in  all  stages  of  formation,  from  5  to  200  feet  above  the  surface, 
and  each  exposed  its  stratifioation  in  horizontal  layers  frem  6  inches  to 
4  het  in  thiokness.  When  the  icebergs  are  fully  formed  they  have  a 
tabular  and  stratified  appearance,  and  are  perfectly  wall-sided,  varying 
tmu  180  to  210  feet  in  height.  These  were  frequently  found  by  us  in 
their  original  situation,  attached  to  the  land,  and  having  the  borisoDtal 
■tntifloKtion  diatinotly  viaible. 
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In  some  places  we  sailed  for  more  than  50  miles  together,  along  a 
etraigtt  and  perpendicular  wall,  from  160  to  200  feet  in  height,  with 
the  land  behind  it.  The  ioebergs  fonnd  along  the  coast  afloat  w«te  from 
a  quarter  of  a  mile  to  five  milea  in  length ;  their  separation  &om  the 
land  may  be  effected  by  severe  frost  rending  them  asnnder,  after  which 
the  violent  and  frequent  storms  may  be  considered  a  sufficient  cause  to 


overcome  the  attraction  which  holds  them  to  the  parent  mass.  In  their 
next  stage  they  exhibit  Ihe  pro<:eBS  of  decay,  being  found  60  or  60 
miles  from  the  land,  and  for  the  most  part  with  their  snrfaoea  inclined 
at  a  considerable  angle  to  the  horizon.  This  is  caused  by  a  ohange  in 
the  position  of  the  centre  of  gravity,  arising  from  the  abrading  aotion 
of  the  wavea. 

By  our  observations  on  the  temperature  of  the  sea,  it  is  evident  that 
these  ice-islands  oan  be  little  changed  by  the  melting  process  before  they 
reaoh  the  latitude  of  60°.  The  temperature  of  the  sea  (as  observed  by 
the  vessels  going  to  and  returning  from  the  south)  showed  but  little 
change  above  this  latitude,  and  no  doubt  it  was  at  its  maximum,  as  it 
waa  then  the  height  of  the  Bummer  season. 

During  their  drift  to  the  northward,  reaching  lower  latitudes,  and  aa 


their  distance  from  tbe  land  increases,  they  are  found  in  all  stages  of 
decay ;  some  forming  obelisks ;  others  towers  and  Gothic  arches ;  and 
all  more  or  lees  perforated ;  some  exhibit  lofty  columns,  with  a  natural 
bridge  resting  on  them,  of  a  lightness  and  beauty  inconceivable  in  any 
other  materiaL  The  annexed  wood-out  and  the  tail-pieces  of  the  ohaptars 
are  sketches  of  some  of  them. 
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While  in  this  state  they  rarely  exhibit  any  signs  of  stratification, 
and  some  appear  to  be  formed  of  a  soft  and  porons  ioe ;  others  are  quite 
bine ;  others,  again,  show  a  green  tint,  and  are  of  hard  flinty  ice.  Large 
ice-islands  are  seen  that  retain  their  tabular  tops  nearly  entire  until 
they  reach  a  low  latitude,  when  their  dissolution  rapidly  ensues ;  while 
some  have  lost  all  resemblance  to  their  original  formation,  and  had 
evidently  been  overturned.  The  process  of  actually  rending  asunder 
was  not  witnessed  by  any  of  the  vessels,  although  in  the  Flying^Fish, 
when  during  fogs  they  were  in  close  proximity  to  large  ice-islands,  they 
inferred  from  the  loud  crashing,  and  the  sudden  splashing  of  the  sea  on 
her,  that  such  occurrences  had  taken  place.  As  the  bergs  gradually 
become  worn  by  the  abrasion  of  the  sea,  they  in  many  cases  form  large 
overhanging  shelves,  about  2  or  3  feet  above  the  water,  extending  out 
10  or  12  feet ;  the  under  part  of  this  projecting  mass  exhibits  the 
appearance  of  a  collection  of  icicles  hanging  from  it.  The  temperature 
of  the  water,  when  among  the  icebergs,  was  found  below  or  about  the 
freezing  point. 

I  have  before  spoken  of  the  boulders  embedded  in  the  icebergs.  All 
those  that  I  had  an  opportunity  of  observing,  apparently  formed  a  part 
of  the  nucleus,  and  were  surrounded  by  extremely  compact  ice,  so  that 
they  appear  to  be  connected  with  that  portion  of  the  ice  that  would  be 
the  last  to  dissolve,  and  these  boulders  would  therefore,  in  all  prob- 
ability be  carried  to  the  farthest  extent  of  their  range  beft^re  they  were 
lei  loose  or  deposited. 

The  ice-islands,  on  being  detached  from  their  original  place  of 
formation  by  some  violent  storm,  are  conveyed  to  the  westward  by  the 
south-east  winds  which  are  prevalent  here,  and  are  found,  the  first 
season  after  their  separation,  about  seventy  miles  north  of  the  barrier. 
This  was  inferred  from  the  observations  of  both  the  Vincennes  and  Por- 
poiWj  the  greatest  number  having  been  found  about  that  distance  from 
the  barrier.  That  these  were  recently  detached  is  proven  by  their 
stratified  appearance ;  while  those  at  a  greater  distance  had  lost  their 
primitive  form,  were  much  worn,  and  showed  many  more  signs  of  decay. 
Kear  the  extreme  point  of  the  barrier  visited,  in  longitude  97°  E., 
latitude  62°  SO'  S.,  and  where  it  begins  to  trend  to  the  westward,  vast 
collections  of  these  islands  were  encountered.  From  this  point  they 
must  pass  to  the  northward  during  the  next  season,  partly  influenced 
by  the  current,  and  partly  scattered  by  the  prevailing  winds,  until  they 
reach  the  sixtieth  degree  of  latitude,  when  they  encounter  the  easterly 
and  north-easterly  streams  that  are  known  to  prevail,  which  carry  them 
xapidly  to  the  north. 

Our  data  for  their  actual  drift,  though  not  altogether  positive,  are 
probably  the  best  that  can  be  had,  and  will  go  far  towards  ascertaining 
the  velocity  of  their  progress  to  lower  latitudes ;  our  observations  also 
ficmiah  some  estimate  of  the  time  in  which  they  are  formed.    On  our 
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way  south  we  did  not  fall  in  with  ioe-islands  until  we  reached  latitude 
61°  S.  The  Peacock  was  the  first  to  return,  and  nearly  upon  the  track 
by  which  we  had  gone  south ;  the  last  seen  by  her  was  in  55-°  S.  The 
Vincennes,  on  her  return  fifty  days  later,  saw  them  in  51°  S.  The  Par- 
poiset  about  the  same  time,  in  53°  S.  The  observation  in  the  Vincennes 
gives  a  distance  of  ten  degrees  of  latitude,  or  600  miles  to  be  passed 
over  in  fifty  days,  which  would  give  about  half  a  mile  an  hour ;  or, 
taking  the  Peacock's  observations,  a  more  rapid  rate  would  be  given, 
nearly  three-fourths  of  a  mile.  Many  icebergs  were  met  in  the  latitude 
of  42°  S.,  by  outward-bound  ships  to  Sydne}',  in  the  month  of  November; 
these,  I  learned,  were  much  woi*n,  and  showed  lofty  pinnacles,  exhibit- 
ing no  appearance  of  having  ever  been  of  a  tabular  form.  These  no 
doubt  are  such  as  were  detached  during  a  former  season,  and  being  dis- 
engaged from  the  barrier,  would  be  naturally,  early  the  next  season, 
drifted  by  the  easterly  current  as  well  as  the  westerly  wind,  and  would 
pursue  the  direction  it  gives  them.  They  would,  therefore,  be  driven 
to  the  north-east  as  far  as  the  south-west  winds  prevail,  and  when  these 
veer  to  the  westward  would  receive  an  easterly  direction ;  it  is  where 
these  winds  prevail  that  they  are  most  frequently  found  by  the  out- 
ward-bound vessels — between  the  latitudes  of  40°  and  50°  S. 

Kespecting  the  period  of  time  required  for  the  formation  of  these 
ice-islands,  much  light  cannot  be  expected  to  be  thrown  on  the  subject ; 
but  the  few  facts  derived  from  observations  lead  to  some  conclusions. 
Many  of  them  were  measured,  and  their  altitude  found  to  be  from  50 
to  250  feet ;  eighty  distinct  stratifications  were  counted  in  some  of 
the  highest,  and  in  the  smallest  thirty,  which  appeared  to  average  a 
little  more  than  two  feet  in  thickness.  Supposing  the  average  fall  of 
snow  in  these  high  latitudes  to  be  an  inch  a  day,  or  30  feet  a  year,  the 
largest  icebergs  would  take  more  than  thirty  years  to  form.  They 
were  seen  by  us  in  all  the  stages  of  their  growth,  and  all  bore  unequi- 
vocal marks  of  the  same  origin.  The  distance  from  the  land  at  which 
they  were  forming,  fully  satisfied  me  that  their  fresh  water  could  only 
be  derived  from  the  snows,  etc. 

The  movement  of  the  ice  along  the  coast  is  entirely  to  the  west- 
ward, and  all  the  large  range  of  ice-islands  and  bergs  were  found  in 
that  direction,  while  the  eastern  portion  was  comparatively  free  from 
it.  A  diflference  was  found  in  the  position  of  the  floe-ice  by  the  dif- 
ferent vessels,  caused  rather  by  the  wind  than  by  the  tide.  When  the 
Vincennea  and  Porjx>i8e  passed  the  opening  by  which  the  Pea^cock  entered, 
it  was  found  closed,  although  only  twenty-four  hours  had  elapsed.  It 
has  been  seen  that  the  ice  had  much  movement  during  the  time  the 
Peacock  was  beset  by  it,  and  the  bay  was  all  but  closed  when  she 
effected  her  escape.  Another  instance  occurred  where  the  Porpoue^  in 
about  the  longitude  of  130°  E.,  found  the  impracticable  barrier  a  few 
miles  further  south  than  the  Vincennes  did  six  or  seven  days  after ;  but 


TH£  NARRATIVE  OF  CHARLES  WILKES.  409 

this  fact  is  not  to  be  reoeived  as  warranting  any  general  oonclosion,  on 
aooonnt  of  the  ooenrrence  of  south-east  gales  daring  the  intermediate 
time.  The  trials  for  currents  have,  for  the  most  part,  shown  none  to 
exist.  The  PorpoUe,  it  is  true,  experienced  some,  but  these  were  gene- 
rally after  a  gale.  If  currents  do  exist,  their  tendency  is  westward, 
which  I  think  the  drift  of  the  ice  would  clearly  prove.  The  difference 
between  the  astronomic  positions  and  those  given  by  dead-reckoning 
was  no  avail  here  as  a  test,*  for  the  courses  of  the  vessels  among  the 
ioe  were  so  tortuous  that  the  latter  could  not  be  depended  upon. 

The  winds  which  prevail  from  the  south-west  to  the  south-east 
occasionally  bring  clear  weather,  interrupted  by  flurries  of  snow ;  the 
north  wind  is  light,  and  brings  thick  fogs,  attended  by  a  rise  of  tem- 
perature. Extremes  of  weather  are  experienced  in  rapid  succession, 
and  it  is  truly  a  fickle  climate. 

The  evidence  that  an  extensive  continent  lies  within  the  icy  barrier 
most  have  appeared  in  the  account  of  my  proceedings,  but  will  be,  I 
think,  more  forcibly  exhibited  by  a  comparison  with  the  aspect  of  other 
lands  in  the  same  southern  parallel.  Palmer's  Land,  for  instance,  which 
is  in  like  manner  invested  with  ice,  is  so  at  certain  seasons  of  the  year 
only,  while  at  others  it  is  quite  clear,  because  strong  currents  prevail 
there  which  sweep  the  ice  off  to  the  north-east.  Along  the  Antarctic 
Ckmtinent  for  the  whole  distance  explored,  which  is  upwards  of  1500 
miles,  no  open  strait  is  found.  The  coast,  where  the  ice  permitted 
approach,  was  found  enveloped  with  a  perpendicular  barrier,  in  some 
oases  unbroken  for  fifty  miles.  If  there  were  only  a  chain  of  islands, 
the  outline  of  the  ice  would  undoubtedly  be  of  another  form ;  and  it  is 
aoarcely  to  be  conceived  that  so  long  a  chain  could  extend  so  nearly  in 
the  same  parallel  of  latitude.  The  land  has  none  of  the  abruptness  of 
termination  that  the  islands  of  high  southern  latitudes  exhibit ;  and 
I  am  satisfied  that  it  exists  in  one  uninterrupted  line  of  coast,  from 
Binggold's  Knoll,  in  the  east,  to  Enderby's  Land,  in  the  west ;  that  the 
ooast  (at  longitude  95°  E.)  trends  to  the  north,  and  this  will  account 
for  the  icy  barrier  existing,  with  little  alteration,  where  it  was  seen  by 
Cook  in  1773.  The  vast  number  of  ice-islands  conclusively  points  out 
that  there  is  some  extensive  nucleus  which  retains  them  in  their  posi- 
tion; for  I  can  see  no  reason  why  the  ice  should  not  be  disengaged 
from  islands,  if  they  were  such,  as  happens  in  all  other  cases  in  like 
latitudes.  The  formation  of  the  coast  is  different  from  what  would 
probably  be  found  near  islands,  soundings  being  obtained  in  compara- 
tively shoal  water;  and  the  colour  of  the  water  also  indicates  that  it 
is  not  like  other  southern  lands,  abrupt  and  precipitous.  This  cause  is 
anflicient  to  retain  the  huge  masses  of  ice,  by  their  being  attached  by 
their  lower  surfaces  instead  of  their  sides  only. 

*  Tlia  flwt  of  there  being  no  northerly  eorrent  along  thii  extended  line  of  oomI  la  » 
siMBg  pioof  in  my  mind  of  its  being  a  continent,  initead  of  a  range  of  ifland*. 
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Much  inquiry  and  a  strong  desire  has  been  evinced  by  geologists  to 
ascertain  the  extent  to  which  these  ice-islands  travel,  the  boulders  and 
masses  of  earth  they  transport,  and  the  direction  they  take. 

From  my  own  observations  and  the  information  I  have  coUeoted, 
there  appears  a  great  difference  in  the  movements  of  these  vast  masses; 
in  some  years  great  numbers  of  them  have  floated  north  from  the 
Antarctic  Oircle,  and  even  at  times  obstructed  the  navigation  about  the 
Capes.  The  year  1832  was  remarkable  in  this  respect ;  many  vessels 
bound  round  Cape  Horn,  from  the  Pacific,  were  obliged  to  put  back  to 
Chili,  in  consequence  of  the  dangers  arising  from  ice;  while  during 
the  preceding  and  following  years  little  or  none  was  seen ;  this  would 
lead  to  the  belief  that  great  changes  must  take  plaoe  in  the  higher 
latitudes,  or  the  prevalence  of  some  cause  to  detach  the  ice-islands  fix>m 
the  barrier  in  such  great  quantities  as  to  cover  almost  the  entire  section 
of  the  ocean  south  of  the  latitude  50°  S.  Taking  the  early  part  of  the 
(southern)  spring  as  the  time  of  separation,  we  are  enabled  to  make 
some  estimate  of  the  velocity  with  which  they  move :  many  masters  of 
vessels  have  met  them,  some  600  or  700  miles  from  the  barrier,  from 
sixty  to  eighty  days  after  this  period,  which  will  give  a  near  approxi- 
mation to  our  results  heretofore  stated. 

The  season  of  1839  and  1840  was  considered  as  an  open  one,  from 
the  large  masses  of  ice  that  were  met  with  in  a  low  latitude  by  vessels 
that  arrived  from  Europe  at  Sydney ;  many  of  them  were  seen  as  far 
north  as  latitude  42""  S. 

The  causes  that  prevail  to  detach  and  carry  them  north  are  difficult 
to  assign.  I  have  referred  to  the  most  probable  ones  that  would  detach 
them  from  the  parent  maiss  in  their  formation.  Our  frequent  trials  of 
currents,  as  has  been  stated,  did  not  give  us  the  assurance  that  any 
existed ;  but  there  is  little  doubt  in  my  mind  that  they  do  prevail.  I 
should  not,  however,  look  to  a  surface-current  as  being  the  motive  power 
that  carries  these  immense  masses  at  the  rate  they  move ;  comparatively 
speaking,  their  great  bulk  is  below  the  influence  of  any  surface-current, 
and  the  rapid  drift  of  these  masses  by  winds  is  still  more  improbable. 
Therefore  I  conceive  we  must  look  to  an  under-current  as  their  great 
propeller.  In  one  trial  of  the  deep-sea  thermometer,  we  found  the 
temperature  beneath  four  degrees  warmer  than  the  surface.  Off  Cape 
Horn  the  under  temperature  was  found  as  cold  as  among  the  ice  itself; 
repeated  experiments  have  shown  the  same  to  occur  in  the  Arctic  regions. 
From  this  I  would  draw  the  conclusion  that  changes  are  going  on,  and 
it  appears  to  me  to  be  very  reasonable  to  suppose  that  at  periods  currents 
to  and  from  the  poles  should  at  times  exist ;  it  is  true  we  most  generally 
find  the  latter  to  prevail,  as  far  as  our  knowledge  of  facts  extends,  but 
we  have  not  sufficient  information  yet  to  decide  that  there  is  not  a  reflow 
towards  the  pole ;  the  very  circumstance  of  the  current  setting  from  the 
higher  latitudes  would  seem  a  good  argument  that  there  must  be  some 
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ooanter-oarrent  to  maintain  the  level  of  the  waters.  These  masses,  then, 
are  most  probably  carried  away  in  the  seasons  when  the  polar  streams 
are  the  strongest,  and  are  borne  along  by  them  at  the  velocity  with  whioh 
they  move ;  that  these  do  not  occur  annually  may  be  inferred  from  the 
absence  of  ice-islands  in  the  lower  latitudes ;  and  that  it  is  not  from  the 
scarcity  of  them  those  who  shared  the  dangers  of  the  Antarctic  cruise 
will,  I  have  little  doubt,  be  ready  to  testify ;  for,  although  great  numbers 
of  them  studded  the  ocean  that  year,  yet  the  narrative  shows  that  vast 
numbers  of  them  were  left. 

The  specific  gravity  of  the  ice  varies  very  much»  as  might  naturally 
be  expected ;  for  while  some  of  it  is  porous  and  of  a  snowy  texture, 
other  islands  are  in  great  part  composed  of  a  compact  blue,  flinty  ice. 
This  difference  is  occasioned  by  the  latter  becoming  saturated  with 
water,  which  afterwards  freezes. 

On  the  ice  there  was  usually  a  covering  of  about  two  feet  of  snow, 
which  in  places  had  upon  it  a  crust  of  ice  not  strong  enough  to  bear  the 
weight  of  a  man.  Those  ice-islands,  which  after  having  been  once  seen, 
were  again  passed  through  immediately  after  a  gale,  were  observed  to 
be  changed  in  appearance ;  but  though  for  forty- eight  hours  a  severe 
storm  had  been  experienced,  they  had  not  undergone  so  great  a  trans- 
formation as  not  to  be  recognised.  They  also  appeared  to  have  shifted 
their  position  with  regard  to  one  another,  their  former  bias  and  trendings 
being  broken  up. 

During  our  stay  on  the  icy  coast  I  saw  nothing  of  what  is  termed 
pack-ice — that  is,  pieces  forced  one^upon  the  other  by  the  action  of  the 
sea  or  currents. 

On  the  21st  the  weather  became  unsettled,  with  light  westerly  winds, 
and  we  made  but  little  progress  to  the  westward.  The  barrier,  at  6  p.m., 
was  seen  trending  to  the  westward.  In  consequence  of  indications  that 
threatened  bad  weather,  I  deemed  it  useless  risk  to  remain  in  the 
proximity  of  so  many  ice-islands,  and  a  strong  breeze,  with  squally 
weather,  having  already  set  in,  I  took  advantage  of  it,  feeling  satisfied 
that  our  feurther  continuance  in  this  icy  region  would  not  only  be  at- 
tended with  peril  to  the  ship,  but  would  cause  a  waste  of  the  time  which 
was  demanded  by  my  other  duties ;  and  having  nearly  3000  miles  to 
■ail  to  our  next  port  (Bay  of  Islands),  I  made  up  my  mind  to  turn  the 
head  of  the  vessel  northward. 

I  therefore  had  the  officers  and  crew  called  aft,  thanked  them  all  for 
their  exertions  and  good  conduct  during  theitrying  scenes  they  had  gone 
through,  congratulated  them  on  the  success  that  had  attended  us,  and 
informed  them  that  I  had  determined  to  bear  up  and  return  north. 

Having  only  twenty-five  days'  full  allowance  of  water,  I  ordered  its 
inne  to  be  reduced  to  half  aUowance. 

I  have  seldom  seen  so  many  happy  faces,  or  such  rejoicings,  as  the 
•anounoement  of  my  intention  to  return  produoed.    But  although  tha 
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crew  were  delighted  at  the  termination  of  this  dangerous  omise,  not  a 
word  of  impatience  or  discontent  had  heen  heard  during  its  oontinuance. 
Neither  had  there  been  occasion  for  punishment ;  and  I  could  not  but  be 
thankful  to  have  been  enabled  to  conduct  the  ship  through  so  difElonlt 
and  dangerous  a  navigation  without  a  single  accident,  with  a  crew  in  as 
good,  if  not  in  better  condition  than  when  we  first  reached  the  icy 
barrier.  For  myself,  I  indeed  felt  worse  for  the  fatigues  and  anzietieB 
I  had  undergone;  but  I  was  able  to  attend  to  all  my  duties,  and 
considered  myself  amply  repaid  for  my  impaired  health  by  the  im- 
portant discoveries  we  had  made,  and  the  success  that  had  attended  our 
exertions. 

1  shall  now  leave  the  Vincennea  to  pursue  her  route  northward,  and 
return  to  the  Porpoise^  the  result  of  whose  proceedings  will  be  detailed 
in  the  following  chapter. 


CHAPTER  XI. 

Antarctic  Cruise — continued, 
1840. 

Proceedings  of  the  Parpoite  from  the  22nd  to  the  30th  of  January— French  sqnadron 
Been — ^Its  commander  refuses  to  speak  the  Porpoise — Proceedings  up  to  the  Srd  of 
February — Gale — Further  proceedings  to  the  12th  of  February— Specimens  of  rock 
obtained — Western  limit  of  her  cruise — Return  to  the  eastward— Porpoise  stands  to 
the  northward — Auckland  Islands — Porpoise  arrives  at  the  Bay  of  Islands*— Cruise 
of  the  Flying  Fith — ^Landing  at  Maoquarie's  Island— Proceedings  of  the  Flying  Fitk 
up  to  the  4th  of  February— State  of  her  crew — ^Their  letter  to  Lieutenant  Pinkney — 
He  resolves  to  return— Arrival  of  the  Flying  Fish  at  the  Bay  of  Islands— Events 
during  the  return  of  the  Vineennee—She  fails  to  rcacli  Van  Diemen's  Land — Arrival 
of  the  Vincennee  at  Sydney — Peacock  found  there — Return  of  the  Peacock  from  the 
icy  barrier — She  makes  Macquarie's  Island — She  arrives  at  Sydney — State  of  the 
Peaoock — Hospitalities  received  at  Sydney. 

On  the  22nd  January  the  Porpoise  lost  sight  of  the  Peacock^  and  con- 
tinued beating  to  the  south-west.  The  weather  was  extremely  cold; 
some  shrimps  were  caught ;  sea-water  froze  on  being  a  few  minutes  in 
the  bucket  on  deck.  The  water  at  3  p.m.  was  much  discoloured ;  got  a 
cast  of  the  lead  with  200  fathoms — no  bottom ;  found  the  current  south 
by  east,  three-fourths  of  a  mile  per  hour.  At  4.30  passed  large  icebergs, 
one  of  which  had  several  dark  horizontal  veins,  apparently  of  earth, 
through  it ;  large  quantities  of  floe  and  drift-ice  to  the  southward ;  the 
sea  very  smooth.  A  report  of  high  land  was  made  this  morning ;  indeed, 
everything  indicated  the  proximity  of  land.  The  number  of  seals, 
whales,  penguins,  shrimps,  etc.,  had  very  much  increased.  The  pure 
white  pigeons  were  also  seen  in  numbers. 
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23rd. — Gonntless  icebergs  in  sight;  the  sea  quite  smooth,  not  the 
■lightest  motion  perceptible.  At  meridian  they  were  in  latitude  66^  44'  S., 
longitude  151°  24'  E.,  and  close  to  the  barrier,  which  appeared  quite 
impenetrable,  as  far  as  the  eye  could  reach  from  aloft,  to  the  north- 
north-west  and  north-north-east,  with  numberless  immense  ice-islands 
entangled  and  enclosed  in  it  in  all  directions.  The  position  they  occu- 
pied seemed  an  inlet  of  elliptical  shape,  with  an  opening  to  the  north. 
It  was  needless  to  count  the  many  scattering  islands  of  ice  distinct  from 
the  vast  chain ;  intermingled  with  field-ice,  they  studded  the  gulf  like 
80  many  islands,  of  various  shapes  and  dimensions.  At  2 .  25  a  sail  was 
discovered  on  the  lee  bow ;  kept  off  to  communicate,  supposing  it  to  be  the 
Vincennet  or  Peacock,  At  2 .  30  the  Peacock  was  made  out  on  the  southern 
board,  showing  no  disposition  to  communicate ;  showed  our  colours,  and 
hauled  to  the  westward. 

24<fc. — The  day  was  remarkably  fine,  such  as  is  seldom  experienced 
in  this  region.  The  water  appeared  much  discoloured  and  of  a  dirty 
olive-green  colour.  At  meridian  they  again  made  the  field-ice,  and 
tacked  to  the  northward,  passing  through  large  quantities  of  ice-islands ; 
weather  looking  bad,  with  occasional  light  snow-storms. 

2bik. — Part  of  this  day  was  clear  and  pleasant,  though  snow  fell  at 
intervals ;  the  field-ice  was  in  sight  several  times,  and  many  ice-islands 
of  great  size  and  beauty.  Penguins  were  swimming  round,  and  also 
several  shoals  of  black-fish  ;  a  black  albatross  was  shot ;  towards  night 
the  weather  became  very  thick;  they  were  in  longitude  150^  E., 
ktitude  65''  56'  S. 

26I&. — Fresh  winds  blowing  from  the  eastward ;  during  the  first  few 
hours  a  thick  snow-storm ;  at  4  a.m.  it  cleared ;  at  6  o'clock  made  a 
sail ;  the  strange  sail  fired  a  gun  and  made  signal,  when  we  bore  down 
«nd  spoke  her;  she  proved  to  be  the  Vincennes;  compared  chronometers 
and  received  rate ;  bore  off  to  the  westward  under  all  sail ;  found  the 
drift  and  the  floe-ice  very  thick,  and  were  with  great  difficulty  enabled 
to  navigate  through  it ;  wind  fresh,  with  a  long  swell  from  the  south- 
west. At  5.30,  the  ice  increasing  in  quantity,  found  it  was  necessary 
to  haul  oSL  Lost  sight  of  the  Vincenna.  Weather  very  threatening. 
TUe  course  during  the  day  proved  a  very  tortuous  one.  Many  penguins 
resting  on  the  ice ;  their  gait  is  an  awkward  kind  of  strut. 

Beoeived  orders  to-day  by  signal  to  meet  the  Vincenne^  along  the 
ioj  barrier  between  the  20th  and  28th  of  next  month. 

27 tH — This  day  proved  dear  and  cold;  wind  from  the  south-west; 
ioe  forming  rapidly  on  the  vessel;  at  meridian  lost  sight  of  the 
Vmeenne^ ;  very  many  ice-islands  in  sight ;  latitude  65"^  41'  S.,  longitude 
142^  31'  E.  On  this  day  Lieutenant-Commandant  Einggold  determined 
with  the  fair  wind  to  pass  to  the  extreme  limit  of  his  orders,  longitude 
105^  E.,  being  of  opinion  he  wotdd  thereby  save  time,  and  be  enabled 
effidctually  to  examine  the  barrier  with  what  ho  thought  would  be 
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fonnd  the  prevailing  wind,  viz.  that  from  the  westward ;  in  this,  how- 
ever,  he  was  mistaken. 

The  28th  set  in  with  a  light  breeze  from  east-north-east ;  made  all 
saiL  At  5  a.m.  wind  increasing  rapidly,  snow  falling  fast,  and  weather 
becoming  thick.  At  6  o'clock  made  the  floe  and  drift-ice;  shortened 
sail  and  hauled  off  to  the  north-west,  it  becoming  so  thick  as  to  render 
any  advance  unsafe.  Until  meridian  very  strong  winds  from  the  east- 
ward ;  the  brig  under  dose-reefed  topsails.  At  2  p.m.  found  it  difficult 
and  hazardous  to  proceed,  passing  within  a  short  distance  of  ice-islands, 
and  just  seeing  them  dimly  through  obscurity.  At  three  the  brig  was 
hove-to,  and  Lieutenant-Commandant  Binggold  says,  in  reference  to 
their  situation : — 

'*  I  felt  great  anxiety  to  proceed,  but  the  course  was  so  perilous,  the 
extent  and  trend  of  the  barrier  so  uncertain,  I  could  not  reconcile  it 
with  prudence  to  advance.  The  frequent  falling  in  with  fields  of  drift- 
ice,  the  numerous  and  often  closely  grouped  chains  of  icebergs,  were 
sufficient  to  point  out  discretion.  The  long-extended  barrier  was  en- 
countered in  latitude  65°  08'  S. ;  at  12  to-day  our  position  was  66°  16'  S. 
It  is  easy  to  perceive  the  possibility  of  a  trend  northerly  again,  which 
would  have  placed  us  in  a  large  and  dangerous  gulf,  with  a  heavy  gale 
blowing  directly  on,  without  a  hope  of  escape. 

"At  8Jp.m.  blowing  very  heavy;  the  snow  falling  rendered  vision 
beyond  a  few  yards  impossible.  I  have  seldom  experienced  a  heavier 
blow,  and  towards  the  conclusion  the  squalls  were  severe  and  frequent." 

The  barometer  at  3  a.m.  stood  at  28*200  in.,  the  lowest  point  it 
reached  during  the  gale.    The  temperature  of  the  air  was  26°. 

The  severe  gale  continued  during  the  29th,  with  a  heavy  sea,  and 
snow  falling  thickly.  At  8  a.m.  the  gale  abated,  and  the  clouds  broke 
away ;  through  the  day  the  sun  occasionally  out ;  the  weather  appeared 
unsettled ;  the  sun  set  red  and  fiery ;  the  latitude  was  observed  64°  46'  S., 
longitude  137°  16'  E. 

On  the  30th  they  stood  again  to  the  south-west;  at  2  a.m.  they 
made  the  barrier  of  field-ice,  extending  from  south-east  to  west,  when 
it  became  necessary  to  haul  more  to  the  north-west ;  the  weather  be- 
coming thick  with  a  heavy  fall  of  snow,  at  four  o'clock,  the  wind  in- 
creasing, compelled  them  to  shorten  sail ;  at  7.30  the  ice  in  fields  was 
discovered  close  aboard,  heading  west ;  at  this  time  hauled  immediately 
on  a  wind  to  the  north-east,  and  soon  passed  out  of  sight  of  the  ice  and 
out  of  danger ;  during  the  day  blowing  a  gale  of  wind,  and  very  heavy 
sea  running,  passing  occasional  ice-islands ;  at  meridian,  being  clear  of 
the  barrier,  the  brig  was  hove-to  under  storm-sails,  to  await  the  clearing 
of  the  weather.  In  the  afternoon  the  weather  showed  signs  of  clearing ; 
the  sun  coming  out,  again  made  sail  to  approach  the  barrier ;  no  ice  in 
sight ;  great  numbers  of  black  petrels  about. 

At  4  p.m.  discovered  a  ship  ahead,  and  shortly  after  another  was 
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made,  both  standing  to  the  northward;  the  brig  hauled  np  to  the 
north-west,  intending  to  cut  them  off  and  speak  them,  supposing  them 
to  be  the  Vincennea  and  the  Peacock ;  shortly  afterwards  they  were  seen 
to  be  strangers,  being  smaller  ships  than  our  own ;  at  4.30  the  Porpoise 
hoisted  her  colours.  Knowing  that  an  English  squadron  under  Captain 
Boss  was  expected  in  these  seas,  Lieutenant-Commandant  Binggold 
took  them  for  his  ships,  and  was,  as  he  says,  "  preparing  to  cheer  the 
discoverer  of  the  North  Magnetic  Pole." 

^'At  4.50,  being  within  a  mile  and  a  half,  the  strangers  showed 
French  colours ;  the  leeward  and  stemmost  displayed  a  broad  pennant ; 
concluded  now  that  they  must  be  the  French  discovery  ships  under 
Captain  D'Urville,*  on  a  similar  service  with  ourselves :  desirous  of 
•peaking  and  exchanging  the  usual  and  customary  compliments  inci- 
dental to  naval  life,  I  closed  with  the  strangers,  desiring  to  pass  within 
hail  under  the  flag-ship's  stem.  While  gaining  fast,  and  being  within 
musket-shot,  my  intentions  too  evident  to  excite  a  doubt,  so  far  from  any 
reciprocity  being  evinced,  I  saw  with  surprise  sail  making  by  boarding 
the  main  tack  on  board  the  flag-ship.  Without  a  moment's  delay,  I 
hauled  down  my  colours  and  bore-up  on  my  course  before  the  wind." 

It  is  with  regret  that  I  mention  the  above  transaction,  and  it  cannot 
but  excite  the  surprise  of  all  that  such  a  cold  repulse  should  have  come 
from  a  French  commander,  when  the  officers  of  that  nation  are  usuaUy 
80  distinguished  for  their  politeness  and  attention.  It  was  with  no 
■mall  excitement  I  heard  the  report  of  it — that  the  vessels  of  two 
friendly  powers,  alike  engaged  upon  an  arduous  and  hazardous  service 
in  so  remote  a  region,  surrounded  with  every  danger  navigators  could 
be  liable  to,  should  meet  and  pass  without  even  the  exchange  of  common 
Givilities,  and  exhibit  none  of  the  kind  feelings  that  the  situation  would 
naturally  awaken:— how  could  the  French  commander  know  that  the 
brig  was  not  in  distress  or  in  want  of  assistance?  By  refusing  to  allow 
any  communication  with  him,  he  not  only  committed  a  wanton  violation 
of  all  proper  feeling,  but  a  breach  of  the  courtesy  due  from  one  nation 
to  another.  It  is  difficult  to  imagine  what  cotdd  have  prompted  him  to 
sochaoonrse. 

At  6  p.m.  the  weather  again  was  thick,  with  the  wind  south-easterly ; 
field-ioe  again  in  sight ;  it  commenced  snowing,  and  the  French  ships 
w0Ee  lost  sight  of.  At  8  p.m.  they  passed  in  sight  of  large  fields  of 
ioe  and  ice-islands ;  at  10.30,  the  snow  falling  so  dense  and  the  weather 
•o  thick  that  it  was  impossible  to  see  the  brig's  length  in  any  direction, 
■he  was  hove-to,  to  await  a  change  of  weather. 

The  beginning  of  the  31  st  the  gale  continued ;  at  7  a.m.,  moderating, 
they  again  made  sail  to  the  westward ;  in  half  an  hour  discovered  a 
high  barrier  of  ice  to  the  northward,  with  ice-islands  to  the  southward ; 
«t  10  ajn.  they  found  themselves  in  a  great  inlet  formed  by  vast  fields 

*  Bee  Domont  D*Urville'8  aooount  on  page  457. 
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of  ioe,  which  they  had  entered  twelve  hours  preyioasly ;  the  only  open- 
ing appearing  to  the  eastward,  they  were  compelled  to  retrace  their 
steps,  which  they  effected  at  8  p.m.,  passing  some  ice-islands  which  they 
recognised  as  having  been  seen  the  evening  before.  They  now  found 
themselves  out  of  this  dangerous  position,  and  passing  the  point,  kept 
away  to  the  westward.  Lieutenant-Commandant  Kinggold  judged  it 
prudent  to  heave-to  during  the  night,  on  account  of  the  darkness. 

Feb,  1. — The  immense  perpendicular  barrier  encountered  yesterday 
was  now  in  sight,  trending  as  far  as  the  eye  could  reach  to  the  west- 
ward ;  it  was  of  tabular  form,  from  150  to  180  feet  in  height,  of  solid 
compact  ice,  resembling  a  long  line  of  coast ;  wind  moderate  from  the 
south-east.  A  brilliant  blink  extending  along  and  elevated  above  the 
barrier.  At  4  p.m.  they  arrived  at  the  end  of  this  barrier,  and  found 
it  trending  off  to  the  southward,  seeming  as  if  numbers  of  icebergs 
had  been  broken  from  the  barrier  by  some  mighty  force,  exceeding  in 
numbers  anything  that  had  yet  been  seen,  extending  as  far  south  as 
could  be  distinguished,  interspersed  with  much  drift  and  floe-ice.  On 
the  southern  horizon  sixty-four  ice-islands  were  counted,  exclusive  of 
many  near  them  and  those  that  were  not  distinguishable  from  the 
barrier. 

The  current  was  tried  here,  and  found  setting  south-east  nearly  a 
mile  an  hour.  Pigeons  around  in  numbers,  also  whales  and  large  flocks 
of  penguins. 

The  nights  now  evidently  lengthened,  thus  adding  to  the  cares  and 
anxieties  attendant  on  this  navigation.  It  was  fortunate  that  the  pre- 
vailing winds  were  from  the  south-east  and  south-west,  or  coming  off 
the  ice.  If  they  had  blown  from  the  northward  they  would  have  been 
attended  with  danger,  and  might  have  proved  fatal  to  the  vessel. 

2nd— At  meridian,  in  longitude  130°  36'  E.,  and  latitude  es"*  24'  S. 
They  were  prevented  from  proceeding  farther  to  the  southward  by  the 
impenetrable  icy  barrier.  At  this  time  they  had  one  hundred  large  ice- 
islands  in  sight,  without  counting  any  of  the  smaller  bergs,  which  were 
innumerable;  saw  great  numbers  of  penguins  and  some  seals  (^Phoca 
prohoscidee).  The  current  was  tried  here,  and  found  setting  as  yester- 
day, and  at  the  same  rate. 

At  8  p.m.  were  obliged  to  retrace  their  steps  to  the  northward,  the 
weather  becoming  thick,  with  light  snow.  At  eleven,  constant  and 
thick  snowstorm,  and  unable  to  see  any  distance ;  the  gale  continuing, 
lay-to  under  a  close-reefed  main-topsail.  The  vignette,  from  a  bketch 
by  Mr.  Totten,  will  give  some  idea  of  her  situation. 

Srd, — A  gale  from  south-east,  heavy  sea  rising ;  occasionally  passing 
ice-islands  and  fleld-ice.  The  gale  continued  throughout  the  day,  but 
moderated  towards  midnight;  the  sea  was  heavy,  the  weather  thick, 
and  the  brig  completely  covered  with  ice  and  snow.  The  barometer 
fell  to  28*240  in.     Temperature  of  the  air  32°. 
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4tk. — Althnngh  the  wind  was  modei-ate,  jet  it  was  so  thick  and 
foggy  aa  to  preclude  bearing  iip.  Towards  meridian  it  cleared  suffi- 
ciently for  them  to  bear  np  and  oontinue  their  examinations.  To-day 
the  onrrent  was  found  wost-north-west,  tbree-qnarters  of  a  mile  per 
bonr. 

On  the  5tb  they  had  a  beanti^l  day^no  climate  or  region,  Lien- 
tenaot-Commandaiit  Bin^iold  remarks,  could  have  produced  a  finer — this 
gave  them  an  oppiirtanity  of  thoroughly  drying  evory  thing  and  ventilat- 
ing the  Teeael,  which  was  much  required ;  standing  to  the  northward,  in 
order  to  make  a  long  board  to  the  westward ;  the  longitude  127°  08'  E., 
latitude  63°  22*  S. ;  few  ice-islands  in  sight,  and  those  apjieared  much 


WOTD,  showing  marks  of  rapid  decay,  with  isolated  pieces — some  stand- 
ing eraot,  while  others  were  inclined,  resembling  fragments  of  columns 
and  broken  arohee.  This  nigl)t  there  was  a  brilliant  display  of  the 
Aurora  Anstralis ;  at  eleven  o'oltick  there  was  perceived  in  the  northern 
horizon  a  luminous  arched  cloud  at  15°  of  altitude,  extending  from 
north-west  to  north-east ;  the  stars  were  partially  obscured  in  the  direc- 
tion of  tho  olonds;  the  pale  flashes  or  comscations  vanishing  very 
■nddenly,  were  snooeeded  by  spiral  columns  or  streamers,  converging 
with  gr«at  velocity  towards  tho  zenith ;  brilliant  flashes  would  again 
iMoe  forth  from  the  remote  parts  of  the  cloud,  succeeded  in  quick  sue- 
oonon  by  perpendicular  rays  emanating  from  the  clond,  having  the 
shape  of  a  rounded  oolnmn  or  basaltic-shaped  cylinder,  which  in  con- 
trast with  the  dark  olond  showed  in  broad  relief.    As  the  oloud  seemed 
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to  rise,  the  scene  became  a  most  interesting  one,  from  the  varied  and 
oft-changing  coruscations:  finally,  the  arc  assumed  a  contraoted  and 
elliptical  form,  vivid  streamers  bursting  forth  as  if  from  a  corona,  con- 
verging all  towards  the  zenith,  until  they  were  lost  in  the  coming  day. 
The  magnetic  needle  did  not  show  any  disturbance.  The  barometer 
stood  stationary  during  its  continuance.  The  sympiesometer  indicated 
a  slight  fall.  At  the  time  there  was  no  wind ;  the  stars  were  brilliant, 
and  all  visible. 

6/^. — During  this  day  they  had  light  winds ;  pursued  their  course  to 
the  westward ;  wind  from  the  southward.  In  the  afternoon  they  had 
light  flurries  of  snow,  and  at  times  hail ;  the  sea  perfectly  smooth,  and 
few  icebergs  in  sight.     Longitude  125°  32'  E.,  latitude  63^  34'  S. 

During  the  7th  the  winds  variable.  At  eight  tacked  to  the  Houth- 
ward  in  order  to  close  in  with  the  barrier;  the  wind  again  hauling, 
tacked ;  the  number  of  icebergs  increasing ;  all  those  seen  for  the  few 
days  past  have  appeared  variously  shaped,  much  worn  and  fractured, 
some  evidently  overturned,  and  immense  arches  or  caves  washed  in 
them ;  they  were  totally  distinct  from  those  seen  to-day. 

Sth. — A  brisk  breeze  from  the  southward,  which  carried  them  on 
rapidly  to  the  westward.  At  meridian  discovered  compact  fields  of  ice, 
with  many  stupendous  ice-islands  enclosed  within  it ;  the  ice  appeared 
more  broken  than  any  hitherto  seen,  with  many  fragments  of  icebergs 
resembling  spires  and  broken  columns.  Altered  their  course  to  clear  the 
barrier,  and  by  two  o'clock  they  had  extricated  themselves.  Penguins, 
whales,  brown  pigeons,  and  the  black  albatross  were  seen  near  the 
barrier.  In  the  afternoon  the  snow  fell  in  beautiful  shining  spicules, 
resembling  stars,  usually  of  six,  but  sometimes  of  twelve  points ;  they 
varied  from  one-eighth  to  one-sixteenth  of  an  inch  in  diameter. 

The  barrier  was  occasionally  seen,  and  the  ice-islands  began  again 
to  assume  a  tabular  form ;  towards  the  close  of  the  day  very  many 
whales,  penguins,  etc.,  seen.     Longitude  116°  E.,  latitude  64°  01'  S. 

On  the  9th,  fresh  breezes  from  the  south-east.  At  10  a.m.  made  the 
barrier  again,  the  weather  being  favourable.  At  4  p.m.,  standing  along 
the  barrier,  through  drift-ice,  with  countless  icebergs  in  sight,  good 
observations  were  obtained,  placing  them  in  longitude  112°  41'  E.,  and 
latitude  64°  55'  S.  At  10  p.m.  some  few  appearances  of  the  Aurora 
Australis  in  the  northern  sky,  light  coruscations  streaming  upwards,  but 
quit<*  faint,  and  only  for  a  very  short  period ;  many  stars  and  several 
constellations  were  traced  without  difficulty.  The  sea  was  smooth; 
lowered  a  boat  to  try  the  current,  but  found  none.     The  dip  was  83°  30*. 

On  the  morning  of  the  10th  the  weather  cleared  off",  and  gave  them 
an  opportunity  of  ventilating  the  vessel ;  closed  in  with  the  field-ice  for 
the  purpose  of  obtaining  a  supply  of  water,  and  the  boats  were  despatched 
to  take  in  ice.  The  longitude  was  found  to  be  110°  34'  E.,  latitude 
65°  12'  S.     The  field-ice  here  was  found  to  be  interspersed  with  many 
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large  ioe-ialands  and  bergs.  At  5  o'clock  the  boats  returned  with  ice. 
The  current  was  found  to  be  setting  north-north-east,  5  fathoms  an 
hour ;  the  weather  continued  clear  and  healthful ;  made  the  field-ice 
ahead  and  on  the  lee  bow ;  shoi-tly  after,  cleared  it.  The  twilight  in 
the  southern  horizon  presented  a  beautiful  appearance,  a  bright  salmon 
colour  radiating  from  the  sun  throwing  its  tints  over  the  whole  sky, 
tinging  the  few  cirro-stratus  clouds  that  were  in  the  northern  quarter, 
and  giving  a  soft  colour  to  the  immense  ice-islands  that  were  slumbering 
along  the  barrier,  and  aiding  to  lend  to  the  scene  its  peculiar  character 
of  silence,  solitude  and  desolation. 

The  weather  was  clear  and  pleasant  on  the  11th,  with  a  light  wind 
from  the  south-east ;  many  penguins  and  whales  were  seen.  The  ice- 
bergs were  numerous,  and  some  of  great  beauty,  with  almost  regularly 
turned  arches,  and  of  the  most  beautiful  aqua-marine  tints.  Longitude 
was  106°  10'  B.,  latitude  66°  28'  8. 

During  the  morning  of  the  12th  running  along  high  broken  fields  of 
ice,  with  a  light  breeze  from  the  southward ;  weather  overcast.  Dis- 
oovered  a  large  piece  of  ice  of  a  dark-brown  colour  floating  by,  re- 
Hembling  a  piece  of  dead  coral ;  lay-to,  and  sent  a  boat  to  bring  it  along- 
side ;  obtained  from  it  several  pieces  of  granite  and  red  clay,  which  were 
frozen  in.  The  ice  was  extremely  hard  and  compact,  composed  of  alter- 
nate layers  of  ice  and  snow ;  the  strata  of  snow  were  filled  with  sand. 
The  ioebergs  near  at  the  time  presented  signs  of  having  been  detached 
from  land,  being  discoloured  by  sand  and  mud.  A  number  of  white 
prooellaria  were  obtained.  The  ice-islands  again  appeared  in  great 
numbers.  At  3  p.m.  hauled  up,  steering  westerly  into  a  very  deep  inlet 
or  gulf,  formed  by  extensive  fields  of  ice,  believing  from  the  indications 
of  the  morning  that  land  could  not  be  far  off.  In  approaching  the  head 
of  this  inlet,  several  icebergs  had  the  appearance  of  being  in  contact 
with  the  land,  having  assumed  a  dark  colour  from  the  clay  and  sand 
blown  upon  them ;  the  whole  group  around  seemed  as  if  in  the  vicin>ige 
of  land.  Sounded  with  200  fathoms — no  bottom  ;  also  tried  the  current, 
but  found  none.  Towards  night,  it  becoming  thick  with  snow,  they 
continued  under  snug  sail,  intending  to  examine  more  closely  the 
barrier  and  inlets  in  the  morning. 

13<ik.— At  3  a.m.  they  again  made  sail  to  the  westward,  with  wind 
€rom  the  east ;  at  six  o'clock  they  had  snow-squalls,  rendering  it  unsafe 
to  proceed  and  impossible  to  make  any  discovery.  A  few  hours  after- 
wards the  weather  cleared  a  little ;  made  sail  again  to  the  north-west. 
At  meridian  overcast,  with  a  stiff  south-east  breeze ;  at  1.30  approached 
to  within  pistol-shot  of  the  barrier,  observing  much  of  the  dark,  dirty 
ioe  interspersed  with  the  field-ice ;  kept  along  it  very  closely,  tracing 
tlftB  barrier  northerly ;  observed  a  large  black  object  on  the  ice ;  short- 
ened sail,  and  despatched  a  boat :  it  proved  to  be  a  large  mass  of  black, 
Tisd|  a|id  mij[edHX>loured  earth,  resting  upon  a  base  of  snow  and  ice, 
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situated  some  Hfty  yards  back  from  the  margin  of  the  field- ice,  and  wa^ 
found  to  be  red  earth  mixed  with  granite  and  sandstone.  Penguins  were 
also  procured  alive.  At  3  p.m.  they  again  followed  the  trend  of  the  ice 
in  a  north-westerly  direction ;  a  vast  field,  of  uninterrupted  extent, 
seemed  moving  along  to  the  westward,  the  large  icebergs  containing  dark 
and  discoloured  masses,  with  frequent  strata  of  the  same  description. 
They  were  still  at  a  loss  to  account  for  these  frequent  signs  of  land : 
discoloured  pieces  of  ice  seemed  mingle<l  with  the  general  mass;  they 
were  often  seen  along  its  margin,  and  appeared  as  though  the  icebergs 
had  been  turned  over,  presenting  collections  as  if  from  the  bottom. 
Great  numbers  of  sperm  whales  were  seen  this  day.  At  8  p.m.  they 
passed  out  northwardly,  with  a  light  breeze  and  smooth  sea,  through  an 
extensive  chain  of  icebergs,  which  seemed  grouped  off  the  western  point 
of  the  bander :  upwards  of  100  of  them  were  counted,  several  of  which 
were  very  much  discoloured.  The  sunset  was  brilliant,  bright  crimson 
tints  illuminating  the  icebergs  and  producing  a  beautiful  effect. 

On  the  14  th  Lieutenant-Commandant  Einggold,  having  passed  a 
few  degrees  beyond  his  instructions,  that  is,  having  reached  longitude 
100^  E.,  and  latitude  64°  15'  S.,  now  commenced  his  return,  in  order  to 
examine  those  places  in  the  barrier  which  he  had  been  prevented  from 
doing  on  his  way  west. 

15th. — Continued  their  course  to  the  eastward.  Lieutenant-Com- 
mandant Ringgold  frequently  refers  to  the  happy  and  cheerful  condition 
of  his  crew,  and  their  freedom  from  all  disease. 

On  the  16th  and  17th  they  were  employed  in  getting  to  the  eastward, 
passing  many  worn  and  shattered  bergs.  On  the  evening  of  the  latter 
day  they  had  another  exhibition  of  the  Aurora  Australis,  extending  from 
north-north-west  to  east ;  it  was  of  a  light  straw-colour,  but  very  in- 
distinct ;  the  luminous  bank  was  at  an  elevation  of  30^  The  light  in 
the  north-west  was  most  distinct,  radiating  from  a  nucleus  above  the 
horizon  towards  the  zenith,  where  it  formed  a  beautiful  halo.  It  was 
not  of  long  duration.  Many  ice-islands  and  bergs  in  sight,  upwards 
of  200  ;  nearly  all  of  a  tabular  form — the  sides  of  many  of  them  beauti- 
fully excavated  by  the  waves,  presenting  innumerable  Gk)thio  arches, 
extending  often  to  a  considerable  distance  into  the  body  of  the  ice. 

Their  position  on  the  18th  was  in  longitude  114"^  17'  E.,  latitude 
62°  37'  S.  Flocks  of  black  birds  were  very  numerous,  but  not  near 
enough  to  be  taken. 

On  the  19th  and  20th,  proceeding  to  the  eastward.  On  the  20th 
they  had  but  few  ice-islands  in  sight,  although  they  were  70  miles 
further  south  than  on  the  18th,  when  the  largest  number  ever  seen  by 
them  at  one  time  was  visible.  Having  reached  the  longitude  of  120^  E^ 
they  again  steered  south  to  make  the  barrier.  The  current  was  tried, 
but  none  found. 

The  2l8t  proved  stormy,  with  strong  breezes  from  the  south-east^  and 
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mnoh  mow  and  rain,  wliich  covered  the  brig  with  ice.  Field-ice  was 
seen  ahead,  when  they  again  stood  to  the  eastward,  longitude  being 
121^  3(y  E.,  latitude  65^  15'  S.  On  this  night  they  experienced  a  heavy 
gale,  during  which  the  barometer  fell  to  27 'oO  in.,  where  it  remained 
during  part  of  the  22nd.  The  squalls  were  very  severe,  accompanied 
with  snow,  sleet,  hail,  and  heavy  seas  :  they  had  now  reached  longitude 
122**  E.,  and  latitude  64°  09'  S. 

February  22nd,  being  Washington's  birthday,  the  colours  were  hoisted, 
and  the  crew  received  an  extra  allowance.  Lieutenant-Commandant 
Binggold  took  this  occasion  to  express  to  them  his  satisfaction  for  the 
manner  in  which  they  had  performed  their  duties  during  the  present 
oroiae,  and  that  their  conduct  would  be  duly  represented  to  the  com- 
mander of  the  expedition  and  the  government. 

On  the  23rd  the  weather  was  again  thick,  with  snow  and  mist. 

On  the  24th  they  had  reached  longitude  126''  E.,  and  latitude 
64®  29*  S.  On  this  day  they  again  sighted  the  barrier ;  when,  having 
oompleted  what  he  deemed  a  full  execution  of  his  instructions,  Lieu- 
tenant-Commandant Ringgold  determined  to  put  the  brig's  head  north, 
— which  was  accordingly  done. 

Strong  winds  and  gales  continued  for  the  next  three  days.  On  the 
27th  they  again  found  themselves  in  east  variation,  in  longitude  138°  E., 
latitude  60°  08'  8.   The  white  albatross  had  now  again  become  common. 

On  the  29th  they  had  a  beautifal  display  of  the  Aurora  Australis ; 
the  whole  southern  hemisphere  was  covered  with  arches  of  a  beautiful 
Btraw-colour,  from  which  streamers  radiated,  both  upwards  and  down- 
wards, of  almost  a  lustrous  white ;  numbers  of  concentric  arches  would 
oocasionally  show  themselves,  of  a  width  of  a  few  feet,  uniting  to  form 
a  complete  canopy  for  a  moment,  and  then  vanish.  The  arches  ex- 
tended from  east-south-east  to  west-noith-west ;  the  display  continued 
for  over  two  hours  ;  the  stars  were  seen  above  them.  Previous  to,  and 
during  its  continuance,  the  thermometer  indicated  a  change  of  four 
degrees,  and  the  wind  shifted  to  the  southward. 

On  the  Ist  of  March,  in  latitude  55°  8.  and  longitude  140°  E.,  they 
passed  the  last  ice-island. 

On  the  2nd,  great  numbers  of  p)  rosonia  of  large  size  were  passed. 

On  the  4th,  some  faint  appeiirances  of  the  Aurora  Australis  were 


On  the  5th  the  Lord  Auckland  Isles  were  descried.  Mr.  Totten, 
who  was  officer  of  the  deck,  was  accidentally  knocked  overboard  by 
the  trysail-boom,  but  was  fortunately  rescued  without  injury.  Immense 
numbers  of  albatrosses  were  about.  The  aurora  was  again  seen  in  the 
southern  hemisphere. 

On  the  7th  they  anchored  in  the  harbour  of  Sarah's  Bosom,  in 
twelve  fathoms  water.  During  their  brief  stay  here  all  were  actively 
employed  wooding  and  watering,  for  which  this  harbour  affords  a  fine 


[ 
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apportnnity.      AMUBtant-Surgeun   Holmes  made  several  ezcanioDS  on ' 
the  largeBt  island,  of  which  he  gives  the  following  ttcconnt. 

"  I  found  it  very  thickly  covered  with  treea  in  its  lees  elevated  parbt. 
As  few  of  them  were  of  any  size,  I  fonnd  no  email  difficulty  in  pene- 
trating  and  luaking  my  way  tbrongh  them :  in  many  plaoes  it  waa 
absolutely  impossible.  It  was  only  after  a  long  and  fatigning  walk 
that  I  sQcceeded  in  reaching  the  summit  of  that  part  of  the  island 
near  which  the  brig  was  anchored,  where  I  found  the  trees  less  numerons. 
A  thick  growth  of  nnderwood  and  dwarf  bushes,  intermixed  with  ferns, 
concealed  the  surface,  rendering  it  difficult  to  walk.  Even  on  the  places 
apparently  meet  level  the  ground  was  very  unequal,  and  a  single  step 
would  sometimes  send  me  nearly  up  to  the  neck  into  a  hollow  filled  with 
large  fern  fronde.  On  the  highest  parts  the  small  level  spots  were 
covered  only  with  moss  and  a  description  of  tall  grass,  and  in  places 
also  a  kind  of  grain  grew  abundantly.  The  gronnd  was  dry  evety- 
whore,  all  the  water  being  found  in  the  streams,  which  were  numerous 
and  pure.     Near  the  summit  the  ground  was  perforated  in  all-  direc- 


tions, probably  by  birds,  who  rear  their  young  in  these  holes.  Many 
of  the  birds,  principally  procellaria,  were  sitting  on  the  ground ;  they 
made  no  ofi'ort  to  escape,  but  suffered  themselves  to  be  taken  without 
any  attempt  at  resistance. 

"  The  forest  was  full  of  small  birds,  of  throe  or  four  difierent  species, 
which  were  perfectly  fearlose ;  one  little  fellow  alighted  on  my  cap  as 
I  was  sitting  under  a  tree,  and  sang  long  and  melodiously :  another 
and  still  Bmaller  species,  of  a  black  colour  spotted  with  yellow,  was 
numerous,  and  sang  very  sweetly ;  its  notes  were  varied,  but  approxi- 
mated more  nearly  to  the  song  of  our  blackbird ;  occasionally  a  note 
or  two  resembled  the  lark.  Hawks,  too,  were  numerous,  and  might  be 
seen  on  almost  all  the  dead  trees,  in  pairs.  Along  the  sea-coast  were 
to  be  seen  the  marks  of  their  ravages  upon  the  smaller  birds.  The  sea- 
birds  were  very  nnmorous  on  the  opposite  side  of  the  island,  setting 
upon  the  cliffs  or  hovering  over  the  islet." 

On  the  western  side  of  the  Auckland  Island  the  under-brush  and 
young  trees  are  exceedingly  thick.  Dr.  Holmes  remarks  that  it  was 
impossible  to  penetrate ;  that  he  was  oooupied  fully  an  hour  in  O 
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his  way  for  a  hundred  yards,  where  to  all  appearance  a  human  step  had 
nerer  before  trodden.  There  was  not  a  vestige  of  a  track ;  old  trees 
were  strewn  about  irregularly,  sometimes  kept  erect  by  the  pressure 
on  all  sides.  Some  trees'  were  seen  upwards  of  70  feet  in  height, 
although  the  generality  were  only  from  fifteen  to  twenty ;  every  part 
of  the  island  was  densely  covered  with  vegetation ;  the  soil,  from  the 
decomposition  of  vegetable  matter,  had  acquired  considerable  richness ; 
spedmens  of  all  the  plants  were  collected.  The  botany  of  these  islands 
is  nearly  allied  to  that  of  New  Zealand,  and  will  be  found  treated  of  in 
the  Botanical  Beport  to  which  I  would  refer.  Some  species  resembling 
the  tropical  plants  were  found  here,  viz.  the  coffeaceous  plants. 

These  islands  have  in  many  places  the  appearance  of  having  been 
raised  directly  from  the  sea ;  the  clifis  consist  of  basalt,  and  were  gene- 
rally from  50  to  90  feet  perpendicular. 

The  Auckland  Islands  are  the  resort  of  whalers  for  the  purpose  of 
refitting  and  awaiting  the  whaling  season,  which  occurs  here  in  the 
months  of  April  and  May.  Near  the  watering  place  a  commodious  hut 
has  been  erected  by  a  French  whaler.  Near  by  was  another  in  ruins, 
and  close  to  it  the  grave  of  a  French  sailor,  whose  name  was  inscribed 
on  a  wooden  cross  erected  over  it.  Some  attempts  at  forming  a  garden 
were  observed  at  one  of  the  points  of  Sarah's  Bosom,  and  turnips,  cab- 
bages, and  potatoes  were]  growing  finely,  which,  if  left  undisturbed, 
will  soon  cover  this  portion  of  the  island ;  to  these  a  few  onions  were 
added.  Besides  the  birds,  the  only  living  creature  was  a  small  mouse, 
one  of  which  Dr.  Holmes  caught :  it  made  no  attempt  to  get  out  of  his 
way,  and  seemed  to  have  no  fear  when  taken;  being  consigned  to  a 
pocket,  he  soon  contrived  to  escape.  Many  of  the  smaller  islands  of 
this  group  were  visited ;  they  closely  resemble  the  larger  one.  Pen- 
guins were  numerous,  and  of  a  variety  of  colours. 

These  isles  have  a  picturesque,  wild,  steep,  and  basaltic  appearance : 
the  highest  peak  was  estimated  to  be  800  feet ;  the  smaller  has  a  less 
elevation ;  the  general  aspect  of  the  land  resembles  the  region  around 
Cape  Horn.  The  harbour  of  Sarah's  Bosom  is  not  the  most  secure; 
that  of  Lawrie's  is  protected  from  all  winds,  and  has  a  large  and  fine 
streamlet  of  water  at  its  head.  The  rocks  are  covered  with  limpets, 
and  small  fish  of  many  varieties  are  caught  in  quantities  among  the 
kelp.  The  crew  enjoyed  themselves  on  chowders  and  fries.  No  geese 
were  seen,  and  the  only  game  observed  were  a  few  grey  ducks,  snipe, 
cormorants,  and  the  common  shag.  The  land  birds  are  excellent  eating, 
especially  the  hawks ;  and  on  the  whole  it  is  a  very  desirable  place  at 
which  to  refit. 

On  the  9th  of  March  they  had  finished,  and  were  prepared  for  sea, 
hot  the  weather  was  threatening  and  caused  them  to  delay.  The  mag- 
netio  dip  was  found  to  be  73°  47'  30''  S.  A  whaler,  under  Portuguese 
ooloiirB,  but  commanded  by  an  Englishman,  arrived  and  anchored  in 
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Lawrie's  Cove,  to  await  the  coming  of  the  whales.  The  night  proved 
stormy ;  the  wind  at  10.30  from  the  north-east,  Mowing  very  heavy  in 
pnffs.  Towards  noon  it  moderated,  and  at  2  p.m.  they  got  under  way, 
with  a  light  breeze  from  the  north-west,  and  stood  to  sea. 

The  latitude  of  Sarah's  Bosom  is  60°  38'  S. ;  the  longitude  165°  28'  E. 

On  the  12th  no  current  was  found;  latitude  49''  27'  8.,  longitude 
168°  13'  E.  The  weather  experienced  from  this  port  to  New  Zealand 
was  very  similar  to  that  in  passing  from  Cape  Horn  to  Valparaiso ; 
northerly  winds  with  mist  and  fog  prevailing,  with  a  heavy  sea.  On 
the  17th  they  fell  in  with  the  whale-ship  Mary  and  Mariha^  of  Ply- 
mouth, Coffin,  master,  who  informed  them  that  there  were  at  least  one 
hundred  whale-ships  cruising  in  the  neighbouring  seas ;  of  these  several 
were  seen.  This  will  give  some  idea  of  th6  number  of  vessels  em- 
ployed, and  how  great  a  capital  is  engaged  in  this  business. 

On  the  18th  they  had  a  gale  from  north-north-west,  which  lasted 
through  the  day,  moderating  at  sunset.  They  were  in  latitude  43°  02*  S., 
longitude,  by  chronometer,  175°  24'  E.  The  barometer  sank  to  29*30  in. 
A  current  was  experienced  setting  north-west,  in  the  direction  of  Cook's 
Straits. 

On  the  20th,  in  latitude  41°  S.,  longitude  177°  K,  the  current  was 
found  setting  north-east  by  north,  half  a  mile  per  hour.  On  the  22nd 
and  23rd  they  experienced  a  heavy  gale  from  the  south-east,  when  they 
were  in  longitude  179^  35'  E.  and  latitude  37°  52'  S.  During  the  morning 
of  the  latter  day  the  wind  hauled  to  the  south-south-west;  the  baro- 
meter, at  3  a.m.,  stood  at  29*10  in. ;  the  weather  cleared,  with  the  wind 
at  south-west. 

On  the  26th  they  reached  and  anchored  in  the  river  Eawa-Kawa,  in 
the  Bay  of  Islands,  oflf  the  American  consul's,  about  three  miles  above 
its  mouth.  Many  vessels  were  passed  lying  at  anchor  off  the  town  of 
Kororarika.     Here  they  found  the  tender  Flying  Fish,  all  well. 

The  cruise  of  the  latter  will  now  be  taken  up  from  the  1st  of  January, 
on  which  day  she  parted  company  with  the  Vincennes,  in  consequenoe  of 
having  carried  away  a  gaff,  and  being  obliged  to  shorten  sail,  in  doing 
which  their  jib-stay  got  adrift,  and  carried  away  the  squaresail-yard 
before  it  could  be  secured.  The  vessel  was  in  the  meantime  exposed  to 
a  heavy  sea  beating  over  her,  and  at  midnight  they  were  compelled  to 
heave-to.  They  then  steered  for  the  first  rendezvous,  Macquurie  Island, 
where  thoy  arrived  on  the  10th,  in  the  afternoon,  and  saw  the  Peacock, 
but  it  becoming  thick,  they  were  not  seen  by  that  ship. 

On  the  11th,  Acting  Master  Sinclair  landed  for  the  purpose  of  placing 
a  signal  on  the  island,,  agreeably  to  instructions.  The  landing  was 
found  difficult  and  dangerous,  and  their  descripticm  of  the  island  agrees 
with  that  heretofore  given  of  it  from  the  notes  of  Mr.  Eld,  as  being  dreary 
and  inhospitable.  Large  numbers  of  penguins  and  small  green  and 
yellow  paroquets  were  seen.     Near  where  they  landed  they  saw  about 
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twenty  huge  sea-elephants  basking  on  the  rocks,  whioh  did  not  seem  to 
heed  them ;  when  disturbed  they  would  only  throw  their  carcasses 
over,  open  their  mouths,  utter  a  loud  growl,  and  go  to  sleep  again ;  no 
measurement  was  taken  of  them,  and  one  which  was  killed  could  not  be 
taken  in  the  boat.  The  soil  was  soft  and  spongy,  yielding  to  the  pres- 
sure of  the  feet.  The  staff  and  signal  being  planted,  they  returned  on 
board,  and  now  passed  the  surf  without  difficulty. 

On  the  12th  they  put  away  for  the  next  rendezvous,  Emerald  Isle. 
They  reached  its  position  on  the  14th,  but  nothing  was  seen  of  it ;  the 
weather  was  thick. 

On  the  16th  they  kept  off  to  the  southward,  with  the  wind  from  the 
souih-west,  accompanied  with  sleet  and  snow.  In  latitude  61"^  S.,  longi- 
tude 164^  E.,  they  saw  the  first  ice.  The  next  day,  the  19th  of  January, 
the  water  was  very  much  discoloured;  got  a  cast  of  the  lead  in 
90  fathoms :  no  bottom.  Passed  a  number  of  icebergs  that  were  all  flat 
on  the  top,  with  perpendicular  sides. 

On  the  2l8t  they  made  the  icy  barrier,  in  longitude  159°  36'  E.  and 
latitude  65°  20^  S.  From  the  number  of  icebergs  and  the  frequency  of 
snowHM][uall8,  they  found  great  danger  in  running  through  them,  although 
the  water  was  quite  smooth. 

On  the  22nd  the  weather  proved  pleasant,  and  they  followed  the 
trend  of  the  ice.  The  ice-islands  still  showed  flat  tops  and  perpendicular 
sides,  and  there  were  a  number  of  birds,  seals  and  whales  around  them. 
They  were  at  noon  in  longitude  158°  27'  E.  On  this  day  they  were 
dose  by  an  iceberg,  from  the  main  body  of  which  a  large  mass  fell  with 
a  noise  like  thunder ;  the  snow  flying  into  the  air  resembled  smoke,  and 
the  swell  produced  by  the  immersion  of  the  fragment  caused  the 
schooner  to  roll  water  in  on  hor  deck.  A  number  of  large  penguins 
were  in  sight,  differing  from  any  they  had  heretofore  seen. 

On  the  23rd  the  weather  was  pleasant,  and  they  had  light  winds 
from  the  southward  and  westward.  Longitude  157°  49'  E.,  latitude 
65°  58'  S.  They  continued  coasting  along  the  ice  in  search  of  an 
opening.  At  8  p.m.  they  discovered  several  dark  spots  which  had  the 
appearance  of  rocks,  and  on  approaching  the  margin  of  the  ice  they 
could  make  them  out  to  be  such  with  their  glasses,  but  they  were 
bituated  too  far  within  the  field-ice  for  a  boat  to  get  near  them.  This  day 
being  fine,  an  opportunity  was  afforded  of  drying  the  deck  and  clothes, 
and  searing  the  seams  with  a  hot  iron.  The  vessel  had  been  very  wet, 
and  her  decks  leaked  badly,  notwithstanding  the  thorough  calking  and 
repairs  she  had  received  at  Sydney ;  the  crew  were  almost  constantly 
wet,  below  as  well  as  above  deck. 

On  the  24th  they  were  obliged  to  steer  again  to  the  northward,  in 
oonaequence  of  making  the  barrier  ahead.  Sea-lions  were  seen  on  the 
ice.  They  continued  to  follow  the  barrier,  which  trended  north-north- 
east; the  compasses  were  very  sluggish.     On  the  26th  and  27th  the 
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weather  became  bad,  with  the  wind  to  the  northward  and  westward, 
aocompanied  by  a  heavy  fall  of  snow :  in  the  evening  of  the  latter  day 
the  wind  hauled  to  the  southward  and  westward,  and  brought  clear 
weather.  The  28th  passed  with  clear  weather,  and  several  seals  were 
about  them. 

The  29th  was  thick  and  snowy,  with  a  north-east  wind ;  passed 
through  quantities  of  drift-ice,  and  by  2.30  it  had  become  so  thick  as 
to  render  a  continuance  of  their  course  perilous ;  at  7  p.m.  they  again 
made  the  solid  barrier,  when  it  was  blowing  a  stiff'  gale ;  at  9.30  dis- 
covered the  ice  ahead  and  on  both  beams;  wore  round  to  the  north- 
ward and  eastward,  to  retrace  their  steps ;  it  was  not  long  before  they 
discovered  a  chain  of  ice-islands  ahead,  apparently  connected  by  solid 
ice;  about  midnight  a  passage  was  discovered  between  two  ioebergs 
through  which  they  passed;  it  was  now  blowing  a  heavy  gale,  and 
having  gained  the  open  sea  they  attempted  to  reef  the  foresail,  but 
were  unequal  to  the  task  (four  of  the  men  being  on  the  sick-list),  and 
were  compelled  to  lay-to  under  the  whole  sail,  which  caused  the  vessel 
to  labour  very  much,  as  well  as  to  leak  a  great  deal,  and  endangered 
her  safety  by  making  her  fly  into  the  wind,  and  get  a  sternboard  in  a 
high  sea. 

On  the  30th,  in  the  morning,  the  gale  abated,  and  the  weather  be- 
came more  pleasant  than  they  had  experienced  for  a  number  of  days. 
They  had  reached  the  longitude  of  160"*  16'  E.,  latitude  GS*'  15'  S.  On 
this  day  they  again  passed  into  blue  water. 

31st  of  January  was  thick  with  snow ;  a  north  wind  and  a  heavy 
sea. 

1st  of  February,  they  were  running  among  ice  until  they  sighted 
the  barrier,  when  they  again  hauled  to  the  northward ;  a  moderate  gale 
blowing,  with  thick  weather  and  a  heavy  sea,  they  were  obliged  to 
heave-to. 

On  the  2nd  and  3rd  they  were  coasting  the  ice.  In  the  afternoon 
of  the  3rd  they  again  had  bad  weather,  which  made  it  necessary  to 
bring-to;  surrounded  by  icebergs  and  drift-ice;  the  latter,  in  case  of 
striking,  would  have  seriously  injured  the  tender.  The  ioebergs  seen 
on  these  days  had  the  appearance  of  recent  formation ;  the  tops  flat, 
the  sides  perpendicular,  and  not  worn  by  the  action  of  the  sea. 

On  the  4th  the  gale  continued,  and  the  sea  had  riseii  to  an  extra- 
ordinary height ;  the  weather  was  so  thick  that  an  iceberg  could  not 
be  seen  further  than  twice  the  length  of  the  vessel .  The  tender  was 
under  too  much  sail,  which  caused  her  to  labour  dreadfully,  in  con- 
sequence of  which  she  leaked  in  such  a  manner  as  to  make  it  necessary 
to  keep  the  pumps  going  almost  continually.  When  they  were  stopped 
for  a  short  time  to  rest  the  men,  the  water  increased  so  as  to  reach  the 
cabin  floor ;  the  water  came  through  the  seams  forward  in  such  quan- 
tities as  to  wet  every  bed  and  article  of  clothing  on  the  berth-deck. 
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• 
This  was  a  great  addition  to  the  labour  and  discomfort  of  the  crew, 

now  reduced  by  sickness  to  four  men,  and  the  strength  of  these  much 

impaired  by  previous  sickness,  excessive  labour,  and  almost  constant 

exposure.    To  relieve  their  situation  as  much  as  possible.  Lieutenant 

Pinkney  ordered  them  to  make  use  of  the  cabin  in  common  with  the 

officers.     To  ease  the  pitching  of  the  vessel,  a  quantity  of  coal  was 

shifted  aft ;  but  although  this  was  a  partial  relief,  yet  as  she  had  too 

much  sail  on  her,  which  they  had  been  unable  to  reduce  at  the  com- 

menoement  of  the  gale,  it  was  not  sufficient  to  make  her  easy. 

On  the  5th  the  gale  began  to  abate,  when  the  crew,  through  one  of 

their  number,  presented  a  communication  to  Lieutenant  Pinkney,  of 

which  the  following  is  a  copy. 


(Copy,) 


*'  We,  the  undersigned,  the  crew  of  the  schooner  Flyiug-Fish,  wish  to 
let  you  know  that  we  are  in  a  most  deplorable  condition  :  the  bedclothes 
are  all  wet ;  we  have  no  place  to  lie  down  in ;  we  have  not  had  a  dry 
stitoh  of  clothes  for  seven  days ;  four  of  our  number  are  very  sick ;  and 
we,  the  few  remaining  number,  can  hold  out  no  longer ;  we  hope  you 
will  take  it  into  consideration,  and  relieve  us  from  what  must  terminate 
in  our  death. 

(Signed)  A.  Murray.  Thomas  Darling. 

John  Anderson.  Jambs  Daniels. 

F.  Bealb.  Joseph. 

James  Daruno.  John  H.  Weaver. 
**  To  Lieutenant  Pinkney, 

U.S.  Schooner  Flying  Fwfc." 


On  the  receipt  of  this  appeal.  Lieutenant  Pinkney  addressed  an  order 
to  the  officers,  a  copy  of  which  follows. 

U.S.  Sotiooner  Ffying-Fith, 
Ut.  eeP  S.,  long.  143«»  E.,  Feb.  5<A,  1840. 

<<  Gentlemen, — You  will  furnish  me  with  your  opinion,  and  the 
reasons  which  induced  that  opinion,  of  the  propriety  of  any  longer 
endeavouring  to  accomplish  that  part  of  the  accompanying  order,  which 
refers  to  penetrating  to  the  south. 

I  am  respectfully,  etc., 

R.  F.  Pinkney, 
Lieutenant-  Commandant. 

**  To  Acting  Master  Georoe  T.  Sinclair. 
Passed  Midshipman  William  May. 
Passed  Midshipman  George  W.  Harrison. 
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(Copy  of  Reply,) 


U.8.  Schooner  Flying'Fith, 
Lat.  66^  S.,  loDg.  142°  E.,  Feb,  5th,  1840. 

"  Sir, — Agreeably  to  your  order  of  this  date,  we,  the  undersigned 
officers,  have  to  express  our  most  thorough  conTiction  that  the  condition 
of  this  vessel's  crew,  and  the  vessel,  loudly  demand  an  immediate  return 
to  milder  latitudes. 

"  The  causes  of  this  opinion  are  these :  that  the  crew  of  this  vessel, 
consisting  of  fifteen  persons  (four  officers  and  eleven  men),  even  if  well, 
are  entirely  inadequate  to  her  safe  management ;  but  five  are  now  con- 
fined to  sick  beds  (one  a  servant),  one  of  them  is  in  a  very  critical  state 
of  health,  and  three  others  dragging  out  upon  duty,  complaining,  and 
under  medical  treatment.  Out  of  four  nominally  performing  duty,  one 
of  them,  the  cook,  is  totally  unfit  to  a  turn  at  the  helm,  and  another 
cannot  be  trusted  without  the  closest  watching ;  indeed,  so  deficient  in 
force  are  we,  that  in  the  gale  of  yesterday  and  the  day  before,  and  on  a 
previous  occasion,  when  it  became  extremely  necessary  to  reef  the  fore- 
sail, the  men  were  so  deficient  in  physical  strength  as  to  make  it 
impossible  to  accomplish  it. 

"  The  crew's  apartment  is  in  the  most  deplorable  state,  leaking  like 
a  sieve,  all  their  beds  being  wet,  their  clothes  on  them  being  so,  even  to 
their  under-flannels,  for  one  toeek^  and  without  a  dry  change  on  hand, 
and  no  prospect  of  having  one ;  so  miserable  is  their  situation,  that  at 
length  you  have  been  compelled  to  allot  them  the  cabin,  in  common 
with  us,  for  the  purpose  of  cooking,  eating  and  sleeping. 

"Furthermore,  Sir,  in  the  gale  now  abating,  we  find  that  nearly 
constant  application  to  the  pump  is  barely  sufficient  to  keep  the  water 
from  flooding  the  cabin  floor,  evidently  having  started  a  leak.  Not- 
withstanding this,  the  condition  of  the  crew  is  more  imperative,  much 
more  so  in  this,  our  recommendation,  for  a  return  to  the  northward  ;  in 
fact,  we  would  cheerfully  continue  to  the  southward  if  we  had  a  proper 
crew. 

•*  Lastly,  understanding  that  the  crew,  through  one  of  their  body, 
have  waited  uiK)n  you,  and  by  written  application  also  stated  their 
inability  to  live  through  these  hardships  much  longer,  and  begging  your 
return. 

We  are,  respectfully,  your  obedient  servants, 

(Signed)         Georgb  T.  Sinclaib,  Acting  Master. 

William  May, 
George  W.  Harrison,  Passed  Midshipmen, 

"  Lieut-Gom.  R.  F.  Pinkney,  Commanding 
U.S.  Schooner  Fhn'ng  Fish.'' 
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Lieutenant  Plnkney,  in  accordance  with  this  opinion,  and  his  own 
oonyiotion  of  the  necessity  of  an  immediate  return  to  milder  latitudes, 
as  the  only  means  of  restoring  the  sick  and  preserving  those  on  duty, 
who  were  then  incapable  of  managing  the  vessel  without  the  assistance  of 
the  officers,  deemed  it  his  duty  to  steer  for  the  north,  which  he  accord- 
ingly did. 

The  6th  and  7th  continued  thick,  with  occasional  squalls.  On  the 
8th  the  weather  again  broke  up,  when  they  had  several  hours  of  sun- 
shine, which  proved  of  great  benefit  to  the  sick.  Lieutenant  Pinkney 
was  enabled  to  come  again  on  deck,  who  had  scarcely  been  able  to  quit  his 
berth,  since  leaving  Macquarie  Island,  from  sickness.  They  had  reached 
the  longitude  of  139"  45'  E.,  latitude  61*"  S.  At  11  p.m.  the  aurora  was 
seen ;  it  was  first  visible  in  the  south-east  quarter,  in  spots  resembling 
pale  moonlight,  extending  to  the  zenith,  from  whence  it  diverged  in 
rays,  some  of  which  reached  the  horizon,  but  the  greatest  number  ter- 
minated at  an  altitude  of  twenty-five  or  thirty  degrees.  On  the  9th 
the  aurora  was  also  seen  in  the  west,  in  vertical  rays  of  pale  yellow 
light,  commencing  about  five  degrees  above  the  horizon,  and  extending 
to  an  altitude  of  30*^.  After  a  short  time  it  disappeared,  and  was  again 
seen  in  the  zenith,  radiating  in  lines  to  the  north-east  and  west,  reach- 
ing to  within  ten  degrees  of  the  horizon.  The  wind  was  from  the 
southward.  Temperature,  34^  The  following  five  days  they  had  thick 
weather,  and  nothing  occurred  until  the  evening  of  the  14th,  when  they 
again  had  a  display  of  the  aurora,  the  coruscations  were  frequent  and 
brilliant,  but  did  not  exhibit  any  different  form,  until  after  midnight, 
when  it  appeared  in  arches  reaching  nearly  to  the  horizon,  at  from  45*^ 
to  73"  of  altitude,  and  composed  of  short  perpendicular  lines,  blending 
at  one  moment  into  a  sheet  of  misty  light  and  then  breaking  out  into 
brighter  lines,  some  of  which  were  broad.  It  then  again  shifted  to  the 
ranith,  with  radiations  extending  in  every  direction  in  straight  and 
wavy  lines.  The  changes  were  incessant,  but  not  shooting.  On  the 
morning  of  the  15th  they  again  had  a  display  of  the  aurora.  It  first 
appeared  in  the  southern  heavens  at  an  altitude  of  45°,  flashing  to  the 
zenith,  where  it  disappeared.  After  midnight  it  was  again  visible  in 
the  southern  quarter,  at  about  30"  of  altitude.  It  finally  centred  in  a 
bright  spot,  which  changed  into  a  crescent,  with  the  rounded  side  to  the 
northward.  From  this  feathery-edged  rays  of  pale  orange-colour 
branched  off  in  every  direction,  over  which  the  prismatic  colours  seemed 
to  flit  in  rapid  succession.  The  rays  would  sometimes  fold  into  one 
another  like  a  fan,  and  reach  the  horizon  in  one  direction,  while  in 
another  they  were  drawn  up  to  the  zenith,  again  to  burst  forth  in 
repetitions,  until  lost  in  daylight.  On  the  19  th  the  aurora  again 
appeared  in  an  arch  of  15"  altitude. 

They  passed   the   last  icebergs  in  latitude   55"  30^  S.,  longitude 
145"  3(/  K 
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On  the  22nd  they  spoke  a  French  whaler  Irom  Hobort  Town,  who 
expreaeed  much  anrpriHe  at  finding  bo  email  a  veeael  in  snch  high  l«ti- 
tadee.  The  captain  sent  a  boat  on  board,  and  invited  thran  to  "  sonp  " 
with  him. 

On  the  2Srd  they  made  the  sonthem  island  of  New  Zealand.  On 
the  Ist  of  March  they  experieuoed  a  most  violent  gale.  The  wind 
about  noon  on  the  29th  of  February  hauled  to  the  southward  and  east- 
ward, and  by  midnight  it  blew  a  gale,  hauling  to  the  eastward  nntil 
about  8  p.m.,  when  its  violenoe  moderated.  Their  latitude  was  40°  S-, 
longitude  178°  30*  E.  For  several  days  previous  to  this  a  noise  was 
heard  about  the  beet  of  the  mainmast.  An  examinatiou  was  had,  and 
the  conclusion  arrived  at  that  it  worked  in  the  step,  the  wedges  in  the 
partners  having  been  driven  without  obviating  it.  On  the  9th  of  March 
they  arrived  at  the  Bay  of  Islands,  where  they  found  the  gentlemen 


who  had  gone  there  to  pursue  their  researches  in  natural  history  awaiting 
our  arrival. 

The  Viiicenne*  was  left  on  the  21st  of  February  on  her  way  north. 
On  the  22nd  strong  gales  from  the  west-north-west,  with  snow-squalls. 
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prevailed,  and  we  continued  to  pass  numerons  ice-islands.  The  Aurora 
AuBtralis  had  this  night  a  beautiful  and  novel  appearance.  Black  clouds 
wore  passing  rapidly  over  the  sky ;  an  orange  glow  of  light  seemed 
to  cover  the  heavens,  emanating  from  a  point  over  which  flitted 
rays  of  the  prismatic  colours  directed  towards  the  horizon,  light- 
ing up  both  edges  of  the  clouds  and  throwing  them  into  bold  relief. 
The  rays  seemed  to  dart  simultaneously  towards  the  horizon,  on  reach- 
ing which  they  would  seem  to  be  gathered,  as  if  by  magic,  towards  the 
centre  and  slowly  vanish,  to  reappear  again  and  fold  up.  I  made  a 
sketch  of  this  appearance,  which  may  in  some  measure  convey  an  idea 
of  it. 

Strong  gales  continued  until  the  27th,  with  thick  misty  weather. 
In  the  latitude  of  SS""  S.  and  longitude  120  ''2b'  E.,  we  passed  the  last 
iceberg ;  the  sea  exhibited  much  phosphorescence ;  the  temperatnre  of 
the  water  was  46^ 

On  the  28th  we  found  our  variation  1^  easterly,  in  the  longitude  of 
131°  60'  E.,  latitude  b(f  30'  S. ;  and  in  attempting  to  get  a  deep-sea 
sounding  of  850  fathoms  we  lost  our  Six's  thermometer,  by  the  wire 
parting.  The  sea  was  a  deep  blue ;  the  temperature  45'^.  We  found  a 
current  setting  west-north-west  three-fourths  of  a  knot  per  hour.  The 
white  object  was  seen  at  the  depth  of  fifteen  fathoms. 

On  the  1st  of  March  we  had  reached  the  latitude  of  the  Eoyal 
Company's  Isles,  and  I  continued  to  run  in  nearly  the  same  parallel  for 
eight  degrees  of  longitude,  without  seeing  any  signs  of  the  supposed 
land.  Having  sailed  far  to  the  eastward  of  their  supposed  position,  I 
again  hauled  to  the  northward  to  proceed  to  Hobart  Town,  Van 
Dieman's  Land,  to  fill  up  our  water.  We  now  saw  a  sail,  the  first 
during  sixty  days,  which  made  us  feel  as  if  we  were  returning  to  a 
habitable  part  of  the  globe.  This  night  we  had  a  brilliant  display  of 
the  Aurora  Australis,  resembling  that  seen  on  the  9th  of  February,  with 
this  difference,  that  it  was  seen  to  the  southward,  extending  from  east- 
south-east  to  west-south-west. 

On  the  5th  of  March  the  wind  headed  us  oif  our  course  to  Hobart 
Town,  I  then  determined  to  proceed  direct  to  Sydney,  and  thus  be  enabled 
to  communicate  as  speedily  as  possible  with  the  United  States.  The  con 
sideration  of  getting  intelligence  respecting  the  other  vessels  also  led 
to  this  determination.  I  felt,  in  truth,  forebodings  that  aU  was  not 
well,  from  not  having  met  any  of  the  vessels  at  the  appointed  rendez- 
vous along  the  icy  barrier ;  and  I  was  anxious  for  their  safety,  after 
the  severe  gale  of  the  28th  of  January. 

Having  reached  a  lower  latitude,  the  weather  had  now  become 
pleasant,  and  we  could  dispense  with  our  winter  clothing — a  relief 
which  the  whole  of  the  crew  seemed  to  enjoy.  It  was  the  reverse  with 
me ;  I  had  a  feeling  of  exhaustion  and  lassitude  that  I  could  not  account 
for,  and  the  least  exertion  caused  me  much  fatigue. 
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On  the  9th  we  reached  the  latitude  of  Cape  Howe,  and  were  seventy 
miles  to  the  eastward  of  it.  We  there  experienced  a  rise  in  the  tem- 
perature of  the  water,  six  degrees  in  less  than  an  hour. 

On  the  10th,  when  off  Cape  Jervis,  and  about  forty  miles  to  the 
eastward  of  it,  we  again  changed  the  temperature  from  68°  to  73°  as  we 
steered  in  for  the  land  to  the  northward,  but  on  hauling  to  the  eastward 
it  again  fell  to  68°.  A  strong  southerly  current  has  been  long  known  to 
exist  along  this  coast ;  and  I  feel  well  satisfied  that  the  thermometer  is 
a  good  guide  in  making  the  passage  from  the  southward.  The  coasting 
vessels,  as  I  was  informed  at  Sydney,  had  frequently  made  long  passages 
from  Van  Diemen's  Land  and  South  Australia,  which  I  have  but  little 
doubt  is  owing  to  the  prevalence  of  this  minor  Gulf  Stream,  the  position 
of  which  the  use  of  the  thermometer  will  clearly  indicate.  This  current 
will  be  noticed  particularly  in  the  chapter  on  currents.  Its  width  no 
doubt  varies  with  the  season. 

On  the  1 1th  of  March,  at  noon,  we  passed  the  Heads  of  Port  Jackson, 
and  took  a  pilot.  We  were,  as  a  body,  in  better  condition  than  when 
we  left  Sydney  three  months  before. 

In  an  hour  afterwards  we  dropped  our  anchor  in  Farm  Core,  off 
Fort  Macquarie.  Our  reception  was  flattering ;  scarcely  was  our  anchor 
well  down  before  many  of  our  friends  came  on  board  to  bid  us  welcome ; 
and  we  felt  ten-fold  that  kind  hospitality  which  on  our  former  visit  we 
liad  first  become  acquainted  with.  They  appeared  to  rejoice  in  oar 
success  as  if  we  had  been  their  countrymen. 

During  our  absence  from  Sydney  many  improvements  had  taken 
place.  The  storehouses  for  the  deposit  of  grain  on  an  island  in  the 
harbour  were  in  rapid  progress ;  the  new  Qovemment  House  nearly 
completed,  and  the  foundation  of  an  Exchange  laid ;  besides  this,  many 
improvements  in  town  that  were  then  in  progress  had  been  completed ; 
and  the  rapidity  with  which  these  works  had  been  accomplished 
strongly  reminded  me  of  similar  operations  at  home. 

The  country  was  looking  quite  green  and  pretty ;  indeed,  the  sail 
up  the  noble  harbour  was  truly  beautiful ;  it  wore  quite  a  different  face 
from  its  former  parched  appearance,  the  rains  having  been  abundant 
during  our  absence. 

Observations  were  obtained  for  the  rates  of  our  chronometers,  and 
the  magnetic  needles  again  experimented  with. 

On  overhauling  my  ship,  the  fore-topmast  was  found  to  be  slightly 
sprung. 

It  was  with  great  pleasure  I  learned  the  safety  of  the  Pe^icock ;  for 
that  vessel  had  occupied  my  thoughts  more  than  the  others,  on  account 
of  the  condition  in  which  she  left  Sydney.  All  on  board  of  her  were 
well,  and  the  vessel  was  undergoing  repairs  in  Mossman's  Cove,  one  of 
the  many  which  this  harbour  forms.  These  coves  may  be  termed  wet- 
docks  affording  as  they  do  every  facility  for  the  repair  of  vessels  of 
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any  size.  They  are  more  like  artificial  than  natural  basins,  and  are 
secure  against  any  wind.  There  is  no  port  in  the  world  that  offers  so 
many  natural  advantages  as  Port  Jackson  for  a  great  naval  power. 
We  had  many  things  to  relate  to  each  other;  among  others,  the  par- 
ticulars of  the  accident  that  befell  the  Peacock  that  has  already  been 
notiGed.    The  return  of  that  vessel  to  this  port  now  claims  our  attention. 

On  the  28th  of  January,  their  sick-list  had  increased  to  thirteen, 
more  in  consequence  of  the  fatigue  the  men  had  undergone,  than  from 
any  disease. 

On  the  29th  they  experienced  strong  gales  from  the  north-west, 
which  continued  to  increase  until  midnight,  after  which  the  weather 
moderated.  The  ship  during  this  gale  was  in  latitude  61*^  20'  S.,  and 
longitude  154°  09'  E.  This  gale  is  remarkable,  in  consequence  of  its 
blowing  in  a  contrary  direction  to  that  which  the  Vincennea  experienced 
on  the  same  day;  while  the  former  had  it  from  the  north-west,  the 
latter  had  it  from  south-east.  Their  distance  apart  was  450  miles,  in 
a  north-east  direction. 

On  the  1st  of  February  the  weather  was  stormy  until  towards  even- 
ing, when  it  moderated  and  cleared  off,  with  the  wind  to  the  north- 
west, and  gave  them  a  view  of  the  Aurora  Australis  lighting  up  the 
southern  portion  of  the  horizon.  Bays  were  thrown  out  in  different 
direotions,  some  reaching  an  altitude  of  30°,  others  of  40°,  whilst  others 
again  almost  spanned  the  heavens. 

On  the  2nd  they  had  another  display  of  the  aurora,  but  contrary 
to  that  of  the  previous  day,  it  was  first  seen  at  an  altitude  of  70°, 
diverging  towards  the  horizon,  from  east-south-east  to  the  west-south- 
west-by-south, before  it  disappeared.  The  point  from  which  the  rays 
diverged  reached  the  zenith. 

On  the  4th  they  made  Macquarie  Island,  and  shortly  after  passing 
it  experienced  another  gale  from  north-west  to  south-west,  which  caused 
them  much  anxiety  for  their  rudder,  which  thus  far  had  answered  well, 
although  attention  was  necessary  to  prevent  strain  upon  it.  Strong 
gales  yet  continued.  On  the  5th  they  had  a  faint  display  of  the 
aurora. 

On  the  7th  of  February  the  weather  had  become  less  boisterous, 
and  having  reached  latitude  49°  S.,  longitude  155°  23'  E.,  the  Aurora 
Australis  again  appeared.  It  was  first  seen  in  the  north,  and  gradually 
spread  its  coruscations  over  the  whole  heavens ;  the  rays  and  beams  of 
light  radiating  from  nearly  all  points  of  the  horizon  to  the  zenith, 
where  their  distinctive  outlines  were  lost  in  a  bright  glow  of  light, 
which  was  encircled  by  successive  flashes  rfsembling  those  of  heat 
lightning  on  a  sultry  summer  night ;  these  formed  a  luminous  arc  in 
the  southern  sky,  about  20°  in  altitude,  from  the  upper  part  of  which 
rays  were  continually  flashing  towards  the  zenith ;  light  showers  of 
imin  finally  shut  it  out  from  view.    On  the  same  night,  between  one  and 
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three,  the  aurora  burst  out  from  the  south-western  horizon,  streaming 
up  and  ooncentrating  in  the  zenith,  and  attended  with  quiok  flashes  of 
every  variety  of  tint.  The  wind  was  moderate  from  the  south-west, 
and  a  squall  of  hail  passed  at  the  time.  In  latitude  47°  S.  they  first 
enoountered  phosphorescence  in  the  water.  On  the  17th  they  made 
the  land  of  New  South  Wales,  and  continued  to  experience  a  variety  of 
weather  until  the  21st,  when  they  arrived  off,  and  anchored  within,  the 
Heads  of  Port  Jackson. 

The  next  day  they  proceeded  up  the  harbour  and  ^anchored  off 
Sydney  Cove.  The  ship  was  much  shattered,  but  her  officers  and  crew 
all  in  good  health.  Here  they  were  kindly  received,  aod  no  time  was 
lost  in  proceeding  to  make  the  necessary  repairs.  The  collector  was 
kind  enough  to  give  them  permission  to  land  everything  that  might 
be  necessary,  when  and  where  they  pleased.  The  powder  and  fire- 
works were  received  in  the  public  magazine,  and  when  called  for  were 
politely  sent  in  a  government  boat,  free  of  expense.  The  railway  for 
merchant-vessels  was  found  too  light  to  trust  the  Peacock  upon  it. 
Mossman's  Cove,  on  the  north  shore,  was  then  resorted  to,  not  only  as 
a  convenient  place  for  making  the  necessary  repairs,  but  as  affording 
more  security  for  the  crew  against  the  crimps  and  rum-shops. 

The  day  af^er  my  arrival  I  visited  the  Peacock  in  order  to  examine 
into  her  condition,  and  could  not  withhold  my  astonishment  that  she 
had  been  able,  after  undergoing  such  damage,  to  reach  a  distant  port. 
The  visible  injuries  have  already  been  stated,  in  speaking  of  her  acci- 
dent. On  their  arrival  at  Sydney,  it  was  found  that  her  stem  had  been 
chafed  to  within  one  and  a  half  inches  of  her  wood  ends,  and  strained 
throughout.  After  a  full  examination  of  the  circumstances,  I  felt  it  a 
duty  I  owe  to  Captain  Hudson,  as  well  as  to  his  officers  and  crew,  to- 
state  that  I  am  well  satisfied,  that  his  coolness,  decision  and  seamanship, 
with  the  good  conduct  of  his  officers  and  men  in  the  perilous  situation 
in  which  they  were  placed,  are  worthy  of  the  highest  encomiums.  The 
preservation  of  the  ship  and  crew,  and  her  subsequent  navigation  to  a 
distant  port,  reflect  the  highest  credit  upon  her  commander  and  upon 
the  service  to  which  he  belongs. 

Sydney  was  now  much  crowded  with  people,  and  several  balls  were 
given,  to  which  we  had  the  honour  of  an  invitation.  That  of  the  St. 
Patrick  Society  was  attended  by  the  chief  people  in  the  neighbourhood 
of  Sydney,  including  the  governor  and  most  of  the  officers  of  the  crown. 
It  was  given  in  the  New  Court-house,  and  was  a  handsome  and  well- 
conducted  entertainment.  Two  military  bands  were  in  attendance; 
quadrilles  and  country  dances  followed  each  other  in  rapid  succession ; 
rooms  were  provided  for  cards,  refreshments,  teas,  lemonade,  etc. ;  and 
towards  the  close  of  the  evening  the  company  was  ushered  in  to  an 
elegant  supper,  which  was  partaken  of  standing. 

I  was  struck  with  the  beauty  and  general  appearance  of  the  ladies, 
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though  I  was  informed  that  many  of  the  belles  were  absent.  The  style 
of  the  party  was  neither  English  nor  American,  but  something  between 
the  two.  I  scarcely  need  remark  that  we  were  all  much  gratified  and 
pleased.  The  hospitality  and  kindness  shown  us  were  of  that  kind 
that  made  us  feel  truly  welcome. 

Our  last  week  at  Sydney  was  spent  in  a  round  of  pleasure,  and  the 
attention  we  met  with  being  entirely  unexpected  was  doubly  gratifying 
to  us. 


2  T  2 
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Extract   from    ''  Voyage   au   Pole   Sud,   etc.,   sur   les 

Corvettes  *  L' Astrolabe  *  et  'La  Z^l^e/  sous  le  Commandemext 
DE  M.  J.  Dumont-D'Urville,  Capitaine  de  Vaisseau."  Vol.  viii., 
1845. 

CHAPTER   LIX. 

Voyage  towards  the  Antarctic  Pole, — Discovery  of  Adelie  Land, 

I 

1840,  Jan,  1. — At  4  o'clock  in  the  morning  we  were  under  sail. 
Captain  Moriarty  wished  to  pilot  us  himself,  "  in  order,"  as  he  said,  "  to 
have  a  few  more  minutes  with  you."  The  breeze  was  favourable  and  I 
was  eager  to  take  advantage  of  it.  Just  at  this  moment  the  announcement 
came  that  M.  Goupil  ^had  breathed  his  last  during  the  night.  I  knew 
how  much  this  young  artist  was  beloved  by  all  his  companions.  I  knew, 
too,  that  all  the  officers  of  the  expedition  were  most  desirous  of  spending 
one  more  day  on  shore  in  order  to  pay  the  last  honours  to  his  remains ; 
but  on  the  other  hand  our  departure  had  already  been  very  much  delayed, 
and  we  had  not  a  moment  to  lose  in  getting  to  sea  in  order  to  reach  the 
ice  in  the  favourable  season.  Besides,  our  crews,  already  much  reduced 
in  numbers,  had  been  feinforced  with  much  difficulty  by  some  English 
sailors,  who  were  quite  ready  to  desert,  and  threatened  to  leave  us  every 
moment.  All  these  considerations  determined  me  to  continue  my  voyage, 
notwithstanding  my  own  strong  wish  to  render  the  last  homage  to  the 
unfortunate  Goupil,  whose  zeal  and  talent  I  had  much  appreciated.  Also, 
to  my  great  regret,  our  corvettes,  being  under  full  sail,  were  drifting  out 
of  the  roads.  For  one  instant  I  conceived  the  hope  that  I  might  get  out 
of  the  river  that  same  day,  but  soon  the  wind,  till  then  uncertain,  veered 
to  the  S.S.E.  and  began  to  blow  strongly. 

From  that  moment  it  was  useless  to  think  of  battling  against  contrary 
winds  to  gain  the  open  sea.  So  I  decided  to  drop  anchor  again  in  the 
bed  of  the  river,  some  miles  from  the  harbour,  and  postpone  our  start 
till  the  next  day.  Several  boats  came  alongside  the  Astrolabe  during 
the  day,  bringing  planks  which  had  been  forgotten ;  they  told  us 
that  the  funeral  of  our  unfortunate  fellow-traveller  was  to  take  place 
in  three  days.  The  officers  of  the  English  garrison  had  themselves 
fixed  the  ceremonial  and  decided  on  the  honours  to  be  paid.  It  was 
therefore  quite  unnecessary  for  our  boats  to  go  alongside  the  quays 
again  that  day  ;  we  could  only  mingle  our  sincere  regrets  with  those  of 
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our  invalids  who  were  on  shore,  for  whom  was  reserved  the  melancholy 
satisfaction  of  accompanying  to  his  last  resting-place  this  latest  victim 
of  the  epidemic.  Nevertheless  I  granted  permission  that  evening  to 
MM.  Gervaize  and  Dumoutier  to  go  ashore,  since  they  desired  to  do  so, 
on  the  express  condition  that  they  should  be  on  hoard  the  next  morning 
by  4  o'clock. 

M.  Goupil,  artist  to  the  expedition,  was  scarcely  twenty-five  years 
of  ago ;  his  death,  although  expected,  left  a  profound  impression  upon  us 
all;  **  for  "said  M.  Dubouzet,  "no  one  could  have  failed  to  appreciate 
the  fine  qualities  which  he  possessed.  Everyone  beheld  with  distress 
a  young  man  so  remarkably  talented  cut  oflf  in  the  flower  of  his  age, 
after  a  long  and  difficult  voyage,  to  which  the  passion  of  art  and  travel 
had  led  him  to  sacrifice  everything.  Never,"  added  M.  Dubouzet,  "  was 
his  noble  character  so  markedly  shown  as  during  his  long  and  severe 
sufiferings,  which  ho  bore  with  so  much  courage  and  resignation, 
dictating  his  last  wishes  with  the  utmost  calm.  To  the  last  moment 
hin  thoughts  were  with  his  family  and  his  friends ;  he  gave  souvenirs 
to  each  of  us,  expressing  the  deepest  gratitude  to  all  those  who  attended 
him." 

Jan.  2. — At  2  o'clock  the  next  morning  the  pilot  came  alongside  our 
corvettes  and  gave  the  signal  for  departure,  notwithstanding  the  calm 
-which  prevailed.  Thanks  to  the  current  of  the  river  we  soon  reached 
the  great  Bay  of  Tempests,  a  magnificent  basin  where  the  shallow  water 
allows  of  an  anchorage  in  any  part,  and  where  an  entire  fleet  could  go 
freely  through  its  evolutions.  The  wind,  till  then  uncertain,  became 
steady  in  the  north-east,  but  it  was  possible  to  tack.  We  dismissed  the 
pilot  and  ran  along  the  shore  to  the  open  sea,  the  great  swell  of  which 
made  itself  felt  even  where  we  were. 

Jan.  3. — Not  till  the  next  morning  did  we  lose  sight  of  the  Tasmanian 
shore  and  begin  to  run  southwards,  if  the  reader  will  kindly  recall 
the  chapter  placed  at  the  opening  of  the  second  volume  of  this  work,  in 
which  I  have  attempted  to  summarise  the  results  obtained  by  various 
navigators  in  reaching  the  glacial  regions,  he  will  see  that  there  still 
remained  on  the  z(me  of  the  South  Pole  a  vast  space  to  be  explored :  it 
was  that  which  is  bounded  by  120°  and  160°  E.  long. :  and  it  was  there 
that  I  wished  to  take  our  corvettes  on  leaving  Ilobart  Town.  I  had  no 
idea  at  this  time  that  an  P^nglish  merchant  ship  had  preceded  us  by  a 
year  in  those  latitudes,  and  I  had  as  yet  no  knowledge  of  the  lUlleny 
Islands  nor  of  Sabrina  Land,  the  discoveiy  of  which  had  been  made  a 
year  before  our  appearance  in  those  regions.  In  undertaking  the  re- 
sponsibility of  a  fresh  attempt  to  penetrate  into  the  ice,  my  intention 
was  only  to  make  a  new  exploration  along  the  pack-ico.  I  simply  wislicd 
to  make  some  point  to  the  South  of  Tasmania,  determine  the  parallel 
below  which  I  met  solid  ice,  and  then  direct  my  course  eitlier  to  the 
Auckland  Islands  or  to  one  of  the  New  Zealand  ports  :  while  the  ZcUe 
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should  return  on  her  course  to  Hobart  Town  to  take  up  our  sick,  and 
then  rejoin  us  at  some  place  on  which  I  should  decide. 

Everyone  knew  that  the  portion  of  the  polar  circle  stretching  directly 
to  the  south  of  Tasmania  had  not  been  explored  by  any  navigator.  In 
tracing  on  a  map  the  courses  of  the  different  travellers  who  had  tried  to 
penetrate  the  ice,  I  had  seen  that  the  route  of  Captain  Cook  alone 
traversed  this  space ;  but  even  so,  the  celebrated  English  navigator  bad 
never  tried  to  penetrate  into  these  latitudes  where  he  had  remained  below 
the  60th  parallel.  By  advancing  from  this  side  I  hoped  to  get  as  far 
south  as  it  was  possible  to  do.  My  crews,  although  overworked,  were 
full  of  spirit,  and  already  accustomed  to  this  kind  of  navigation ;  I  knew, 
therefore,  that  it  would  require  some  wholly  impassable  obstacle  to  stop 
me.  Without  counting  too  much  beforehand  on  the  future  issue  of  my 
fresh  attempt,  I  had  resolved  to  make  it  in  any  case  as  fruitful  as  pos- 
sible in  the  interests  of  physical  science.  An  important  discovery 
remained  to  be  made,  the  position  of  the  magnetic  pole,  the  knowledge 
of  which  is  so  important  for  the  solution  of  the  great  problem  respecting 
the  laws  of  terrestrial  magnetism.  From  the  outset  I  had  always  wished 
to  shape  my  course  with  this  end  in  view.  I  knew  also  that  the  most 
profitable  observations  of  this  nature  would  be  those  made  on  the  mag- 
netic meridian  itself.  I  sought,  therefore,  to  keep  our  corvettes  on  this 
direction,  giving  orders  to  hold  our  course  always  south  by  the  compass 
whenever  the  wind  would  permit. 

Our  voyage  was  begun  under  the  most  contrary  auspices;  steady 
winds  from  the  south  blew  dead  against  us,  while  the  currents  carried 
us  to  the  east,  and  forced  us  to  sail  close  to  the  wind  for  fear  of  losing 
(  our  course.  A  strong  swell,  as  much  as  four  to  five  metres  high,  made 
our  ships  roll,  and  produced  great  discomfort ;  and  lastly,  we  had  hardly 
left  the  shore  four  days  before  M.  Dumoutier  reported  nine  men  on  the 
sick  list.  Since  our  departure,  however,  there  had  been  a  continual 
supply  of  fresh  food  for  the  crew,  who  were  not  at  all  overworked,  and 
I  had  made  it  a  rule  to  give  them  as  little  to  do  as  possible.  In  a  few 
days  I  might  have  need  of  all  their  strength !  A  heavy  responsibility 
weighed  on  me;  but  before  throwing  myself  into  an  enterprise  so 
hazardous  I  had  reckoned  on  the  courage  of  my  men,  and  I  was  sure 
that  it  would  not  fail  me. 

Jan.  8. — The  further  we  advance  south  the  lower  becomes  the 
temperature;  we  sail  amid  a  flock  of  albatross,  which  never  leaves 
us.  Numerous  whales  are  spouting  round  us,  but  it  seems  as  if  this 
variety  is  not  that  which  is  hunted  by  fishermen,  for  a  whaler  passing 
at  a  short  distance  from  us  continues  her  course  eastwards  without 
stopping. 

Some  moments  of  calm  allowed  the  two  corvettes  to  communicate 
with  each  other  to-day.  One  of  the  boats  of  the  ZiHie^  commanded  by 
M.  Gaillard,  managed  to  come  alongside  the  Astrolahe^  notwithstanding 
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the  swell.  This  midshipmau  oame  to  reclaim  a  dipping-needle  which 
had  been  declared  fanlty  by  M.  Dumonlin,  and  was  of  no  use  whatever ; 
also  to  c-  *nsalt  with  the  mechanician  as  to  the  nature  of  the  observations 
which  could  be  made  on  the  ZelSe^  and  what  he  considered  advantageous 
in  these  latitudes.  Every  day  Mlii.  Dumoulin  and  Coupveut  took  at 
intervals  numerous  observations  of  inclination  with  an  excellent  instru- 
ment made  by  M.  Gambey.  I  should  add  that  M.  Gaillard,  with  all 
his  efforts,  was  never  able  to  turn  to  accoont  the  dip-needle  which  he 
had  come  to  reclaim.  It  is  to  be  regretted  that  our  two  corvettes,  on 
leaving  France,  were  not  provided  with  instruments  which  could  have 
been  compared  with  each  other,  for  observations  of  this  kind  made  at 
aea  are  too  difficult  and  uncertain  for  science  to  profit  much  by  a  com- 
parison of  them.  Observations  should  be  made  simultaneously  on  board 
two  ships  sailing  together. 

I  took  advantage  of  this  circumstance  to  question  M.  Gaillard  as  to 
the  sanitary  state  of  his  ship ;  he  told  me  that  the  ZSlee  had  seven  men 
on  the  sick  list:  of  these,  three  appeared  to  be  seriously  ill.  The 
dysentery  from  which  they  were  suffering  seemed  to  have  taken 
a  more  severe  form  since  they  had  left  Hobart  Town.  I  greatly 
regretted  these  relapses,  but  the  men  had  only  been  taken  on  board 
the  ZHee  after  consultation  with  M.  Hombron,  and  when  their  recovery 
was  sufficiently  advanced  to  allow  them  to  go  to  sea  again. 

Jan.  11. — On  the  11th  we  had  passed  the  51bt  parallel  of  south 
latitude ;  we  therefore  found  ourselves  in  the  position  assigned  by 
several  hydrographers  to  the  Hoyal-Company  Island.  Notwithstanding 
careful  scrutiny  and  the  most  favourable  horizon  we  naw  no  land. 
It  is  probable  that  this  island,  if  it  exist,  is  marked  wrongly  on  the 
maps.  Besides,  it  must  often  happen  in  seasons  when  the  glacial 
regions  are  favoured  by  a  very  hot  summer,  that  great  breakinj^  up 
of  the  ioe  occurs,  and  then  the  icebergs  have  been  frequently  carried 
as  fiBir  as  the  50th  parallel  of  south  latitude  and  recorded  &s  new 
discoveries.  According  to  the  quantity  of  light  which  they  receive, 
the  ice-islands  often  display  strange  hues,  which  give  them  the  appear- 
ance of  isolated  rocks. 

The  albatrosses,  which  had  never  left  us  from  Hobart  Town  onwards, 
disappeared  about  the  50th  degree  lat.  The  wind  also  began  to  blow 
strongly ;  for  two  days  we  were  obliged  to  lay-to  under  the  try-sail 
with  a  very  high  sea,  and  our  ships  laboured  heavily.  The  Aatrolaht 
had  only  two  men  on  the  sick  list,  but  the  ZiUe  had  still  three  sick 
men  whose  condition  gave  cause  for  great  anxiety.  This  bad  weather 
could  not  but  be  harmful  to  them ;  indeed,  after  one  of  the  worst  gales 
we  had  undergone,  a  seaman  of  the  first  class,  named  Pousson,  breathed 
his  last.  "  This  man,"  said  M.  Jaoquinet,  '*  had  only  felt  slight  colic 
a  few  days  before  we  left  Hobart  Town.  When  we  quitted  that  English 
colony  he  gave  no  cauee  for  anxiety,  and  he  was  not  in  a  condition  to 
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need  a  long  stay  in  hospital ;  but  since  we  got  out  to  soa  the  dysentery 
had  made  rapid  progress,  and  at  the  end  of  very  few  days  all  medical 
resources  were  unavailing."  "  We  lost  in  him,"  adds  M.  Dubouzet, 
"  one  of  our  best  sailors."  The  unfortunate  man  had  embarked  at  Val- 
paraiso on  the  very  day  of  our  departure;  since  then  he  had  filled 
for  nearly  two  years  the  post  of  coxswain  of  the  ship  s  boat,  to  the 
satisfaction  of  all  his  superiors. 

That  day  we  were  assailed  by  snow  squalls,  which  increased  still 
more  the  force  of  the  wind.  The  temperature  of  the  sea  had  also 
suddenly  sunk,  and  thousands  of  petrels  of  all  colours  surrounded  our 
ships.  These  signs  seemed  to  indicate  the  approach  of  pack-ice,  as  at 
the  time  of  our  first  attempt  to  penetrate  into  the  ice :  we  had  scarcely 
reached  58^  lat.,  and  already  we  were  all  dreading  to  see  our  course 
blocked.  However,  next  morning  the  sea-birds  became  less  numerous 
round  our  ships,  the  wind  had  gone  down  and  the  temperature  was 
milder.  It  was  two  years  before,  on  a  similar  day  and  nearly  in  the 
same  latitudes,  that  our  crew  had  seen  for  the  first  time  floating  ice. 
This  coincidence  did  not  escape  them,  and,  in  comparing  the  two 
situations,  they  expressed  the  hope  of  being  more  fortunate  in  this  new 
enterprise ;  this  hope  was  to  be  of  short  duration. 

Jan.  16. — At  3.25  a.m.  the  watch  signalled  the  first  ice,  which  was 
quite  insignificant.  It  was  a  piece  of  ice  {glagon)  of  small  dimensions, 
which  was  in  no  way  remarkable,  and  would  certainly  have  passed  our 
corvettes  unnoticed  if  it  had  not  pointed  to  the  prubable  approach  of 
insuperable  ice  barriers.  Shortly  after,  other  masses  of  ice  {glaces) 
showed  themselves  on  the  horizon,  to  the  number  of  five  or  six.  We 
came  up  very  close  to  the  one  nearest  us ;  it  formed  a  mass  of  about 
400  metres  broad  by  about  21  high.  The  sloping  edges  showed  that 
it  had  been  for  a  long  time  in  the  open  sea,  where  the  waves,  agitated 
by  the  wind,  had  already  made  large  hollows  in  its  sides.  For  an 
instant  the  sight  of  this  iceberg  (glagon)  attracted  the  attention  of  the 
crew,  but  our  men  had  been  so  long  accustomed  to  this  kind  of  navi« 
gation,  that  the  sight  of  this  floating  island  did  not  long  keep  their 
attention.  We  had  scarcely  passed  it  before  they  had  assumed  their 
ordinary  occupations  and  gave  free  vent  to  their  spirits.  We  counted 
among  us  a  dozen  men  who  gazed  for  the  fii'st  time  on  these  formidable 
masses.  They  naturally  became  a  subject  of  merriment  to  their  com- 
rades, and  soon,  following  the  example  of  the  others,  they  showed  in 
their  turn  no  sign  of  wonder  at  the  sight  of  the  floating  ice  which  we 
continually  met. 

The  appearance  of  these  icebergs  (gla^ona)  augured  no  good  for  the 
future.  At  my  first  attempt  we  had  seen  the  first  ice  at  59°  lat.,  and  we 
had  been  unable  to  pass  the  65th  parallel ;  to-day  we  had  only  reached 
the  60th  degi-eo,  and  I  therefore  naturally  concluded  that  we  should  soon 
reach  the  same  pack-ice  (banquiscs)  which  had  stopped  us  before.  How- 
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ever,  these  first  icebergs  (glaces)  seemed  to  me  too  large  to  have  been 
formed  in  the  pack  in  the  open  sea.  I  thought  they  must  have  originated 
rather  from  some  land  in  the  neighbourhood,  and  the  result  proved  I  had 
not  been  mistaken. 

The  wind  continued  to  blow  from  E.N.E.,  but  the  sea  had  suddenly 
subsided  and  the  swell  barely  reached  us.  That  was  a  certain  indication 
of  the  approach  of  land  or  of  pack-ice.  We  all  noticed  this  ;  but  since  no 
floating  ice-islands  were  visible  during  the  two  days  which  followed,  we 
continued  to  hope  we  might  reach  a  high  latitude.  The  cold  had  be- 
come very  intense.  The  thermometer  rose  very  little  above  zero.  The 
sea  birds  were  fewer,  and  at  last  the  observations  of  the  magnetic  needle 
indicated  that  we  were  very  near  the  magnetic  pole,  the  search  for 
which  was  one  of  the  principal  objects  of  the  expedition. 

Jan.  18. — On  the  evening  of  the  18th  we  had  reached  64°  S.  lat.  The 
weather  was  damp,  the  temperature  fairly  mild,  and  we  were  full  of  hope 
we  might  soon  pass  the  70th  parallel ;  but  at  midnight  we  found  our- 
selves suddenly  surrounded  by  five  enormous  blocks  shaped  like  a  table. 
These  icebergs  {glaces)  had  exactly  the  same  appearance  as  those  we  had 
encountered  in  such  large  numbers  near  the  Powel  Islands.  From  that 
moment  my  foreboding  that  we  were  near  some  unknown  land  increased ; 
I  reluctantly  gave  up  the  hope  I  had  cherished  of  penetrating  to  a  high 
latitude,  for  I  thought  that  I  should  soon  be  stopped  by  the  land  which 
presumably  was  in  front  of  us,  and  this  in  any  case  would  form  the 
nucleus  of  a  solid  and  insuperable  iceberg  by  offering  a  solid  base  for 
floating  ice.  The  weather  was  cloudy ;  snow  fell  abundantly,  and,  not- 
withstanding the  danger  of  sailing  by  night  in  these  latitudes,  we  took 
advantage  of  a  fair  easterly  bronze  which  was  blowing  to  advance  further 
to  the  south.  "" 

Jan.  19. —  At  6  o'clock  in  the  morning  we  counted  6  ice-islands 
floating  round  us.  At  8  a.m.  we  distinguished  16.  All  the  blocks  were 
on  the  whole  larger  than  those  we  had  already  encountered.  They  were 
all  of  the  same  shape,  being  flat  with  perpendicular  sides.  Their  height 
varied  from  thirty  to  forty  metres  ;  as  regards  their  horizontal  dimen- 
sions, we  noticed  several  which  were  more  than  1000  metres  broad,  and 
one  of  them  was  admittedly  a  mile  from  end  to  end.  They  were  all 
alike,  and  similar  to  those  we  had  seen  in  the  neighlx)urhood  of  land  on 
our  first  polar  expedition.  There  seemed  to  be  no  trace  of  fusion  nor 
of  decomposition  ;  in  none  of  them  were  to  be  seen  those  vast  hollows 
formed  by  the  sea  at  their  edge,  which  imitate  to  perfection  the  arches 
of  H  bridge,  especiall3'  when  the  light  shines  on  them  obliquely.  These 
floating  islands  seemed  to  have  been  detached  the  night  before  from 
in  ice-bound  coast  at  a  short  distance. 

Our  corvettes  were  surrounded  by  white  and  grey  petrels,  petrels 
tachet^s  {damier8\  some  penguins,  a  whale,  and  two  or  three  seals. 
This  was  another  indication  of   being  near  land.     At  0  a.m.  we  saw 
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in  the  E.S.E.  a  great  blaok  cloud  which  eeemed  stationaiy  and  had  the 
appearance  of  a  raised  island.  For  a  long  time  we  followed  it  with 
our  eyes,  always  thinking  we  saw  some  indication  which  would  prove 
we  had  made  a  new  discovery.  But  at  10  a.m.  the  sky,  hitherto  cloudy, 
suddenly  cleared.  The  sun  appeared  in  all  its  glory,  and  quickly  dis- 
persed this  deceptive  apparition.  Towards  3  p.m.  M.  Gervaize,  who 
was  officer  of  the  watch,  thought  he  saw  once  more  an  indication  of  land 
in  the  east.  For  some  time  he  had  noticed  in  this  direction  a  greyish 
spot  which  appeared  stationary;  but  we  had  already  been  so  often 
misled  by  false  appearances,  so  frequent  in  these  latitudes,  that  we  had 
become  very  sceptical.  M.  Dumouiin,  who  was  on  the  poop,  occupied 
at  the  moment  in  taking  the  bearings  of  the  different  ice-islands  in 
sight,  hastily  climbed  into  the  rigging  to  clear  up  all  doubt ;  he  assured 
himself  that  the  indication  given  by  M.  Oervaize  referred  to  a  doud 
which,  seen  from  the  height  of  the  mizzen  top,  appeared  to  be  above  the 
horizon.  On  coming  down  he  also  announced  to  me  that  right  before  us 
there  was  an  appearance  of  land  much  more  distinct  and  sharply  out ; 
this  was  in  fact  Adelie  Land.  Thanks  to  this  circumstance,  M.  Dnmonlia 
was  the  first  among  us  all  to  see  this  land.  But  he  had  been  so  often 
deceived  by  illusions  of  this  kind  that  he  was  himself  far  from  believing 
in  his  discovery,  and  he  was  one  of  the  very  last  to  recognise  the  reality 
of  its  existence. 

At  6  p.m.  we  counted  59  great  icebergs  (glaces)  round  us  and  a  great 
ntlmber  of  others  in  sight.  The  wind  had  quite  dropped ;  the  sea, 
beaten  down  under  the  weight  of  the  enormous  blocks  which  crowded 
it,  was  calm  and  smooth  as  a  lake.  The  sun  was  shining  in  all  its  glory, 
and  its  rays,  reflected  on  the  crybtal  waUs  which  surrounded  us,  produced 
a  magical  and  charming  effect.  We  had  not  a  single  man  on  the  side 
libt.  M.  Dumoutier  had  warned  me  that  he  thought  he  recognised  signs 
in  some  of  the  meu  of  an  approaching  epidemic  of  scurvy ;  but  happily 
all  danger  of  this  sort  had  rapidly  disappeared,  thatiks  to  the  precautions 
of  the  doctors.  Thus  our  crews  were  full  of  courage  and  spirit  and 
appeared  happy  and  contented.  They  had  been  preparing  for  some  time 
a  ceremony  similar  to  that  practised  on  board  ship  when  crossing  the 
equator,  and  the  actors,  having  asked  my  permission,  were  ready  to 
appear  on  the  scene  as  soon  as  we  arrived  at  the  polar  circle.  I  have 
always  thought  that  the  practical  jokes  which  the  sailors  are  in  the  habit 
of  playing  off  on  those  who  cross  the  equator  for  the  first  time,  have  a 
good  effect  on  board  ship,  where  any  distraction  for  the  sailors  is  so 
rare,  and  whore  want  of  employment  and  the  consequent  boredom  spread 
depression  among  the  crew.  Therefore,  far  from  opposing  the  buffoonery, 
for  which  our  men  were  preparing,  1  declared  myself  ready  to  be  the 
first  to  submit  to  it ;  only,  on  account  of  the  temperature,  I  forbade  all 
throwing  of  water  on  the  deck  or  of  subjecting  anyone  to  ablutions 
which  are  only  supportable  under  the  torrid  zone.    For  the  rest,  I  left 
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them  lo  invent  the  kind  of  ceremony  to  which  they  wished  to  subject 
those  on  board  the  Aatrolahe,  and  it  will  be  seen  later  that  in  this  respect 
their  powers  did  not  fail.  We  had  attained  the  66°  S.  lat.,  everything 
led  us  to  hope  that  we  shonld  soon  pass  the  Antarctic  circle,  and  according 
to  onBtom  I  was  officially  warned  that  the  next  day  I  should  reoeive  a 
visit  from  Father  Antarctic.  After  a  rain  of  rice  and  beans  hurled  from 
the  top,  I  received  a  postilion  mounted  on  a  seal,  who  brought  me  the 
message  from  his  fantastic  sovereign.  I  will  spare  the  reader  the  costume 
cf  this  singular  ambassador  and  the  contents  of  his  letter ;  I  observed 
with  pleasure  that  the  sailors  had  changed  the  ceremony  of  baptism, 
cofltomary  on  the  line,  to  one  of  communion  in  one  element,  that  of 
wine,  and  as  this  would  be  better  for  them,  I  had  no  objection  to  make. 
We  all  hoped  that  the  next  day  we  should  have  passed  the  polar  circle, 
bat  the  calms  which  succeeded  the  wind  arrested  our  progress.  We 
were  at  the  season  when  the  days  are  longest  in  the  glacial  zone,  so  that 
at  9  p.m.  the  sun  was  still  above  the  horizon  and  its  luminous  disc  set 
slowly  behind  the  land,  whose  existence  was  for  several  of  us  still  very 
doabtfol.  At  10.50  this  luminary  disappeared,  and  showed  up  the 
raised  contour  of  the  land  in  all  its  sharpness.  Everyone  had  run  to- 
gether on  to  the  deck  to  enjoy  the  magnificent  spectacle  which  offered 
itself  to  our  gaze.  It  would  have  been  impossible  indeed  to  paint  the 
grandeur  of  the  sight.  The  calm  of  night  gave  to  the  enormous  masses 
of  ice  which  surrounded  us  a  grander  but  also  a  more  severe  aspect ;  all 
the  orew  watched  the  sun  disappearing  behind  the  land  and  leaving 
behind  him  a  long  train  of  light.  At  midnight  there  was  still  twilight, 
and  we  oould  easily  read  on  the  deck.  The  night  lasted  only  half-an- 
hour ;  I  took  advantage  of  it  to  snatch  some  rest,  postponing  till  the 
next  day  the  task  of  clearing  up  doubts  as  to  the  existenoe  of  the  land 
in  front  of  us. 

Jaan.  20. — At  4  a.m.  I  counted  72  large  icebergs  (glaees)  round  us. 
I  knew  that  during  the  night  we  had  hardly  changed  our  position,  and 
yet  among  all  these  enormous  blocks  surrounding  us,  each  with  its  own 
peenliar  shape,  although  presenting  an  aspect  of  uniformity,  I  hardly 
recognised  one  of  the  floating  islands  I  had  noticed  the  night  before. 
The  snn  had  been  up  a  long  time,  and  although  the  atmosphere  was 
misty  its  warmth  could  be  felt,  and  all  the  icebergs  (glaces)  around  us 
seemed  to  be  undergoing  an  active  disintegration.  One  of  them,  which 
was  qnly  a  short  distance  from  us,  attracted  my  notice  especially. 
Nomerons  streams  flowed  from  its  summit,  making  deep  hollows  in  its 
side,  and  hurled  themselves  into  the  sea  in  cascades.  The  weather  was 
magnifioent ;  but  unfortunately  there  was  no  wind ;  before  us  rose  the 
land :  one  could  distinguish  the  details  of  it.  Its  aspect  was  very  uni- 
form. Entirely  covered  with  snow,  it  stretched  from  east  to  west  and 
seemed  to  drop  towards  the  sea  by  an  easy  incline.  In  the  midst  of  the 
aniform  greyish  tint  which  it  presented  we  could  see  no  peak,  no  single 
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black  spot.  Thus  there  still  remained  more  than  one  among  ns  who 
doubted  its  existence.  However,  at  midday  all  doubt  vanished.  A  boat 
from  the  Zelee^  which  came  to  vLsit  us,  announced  that  land  had  been 
seen  by  those  on  board  ever  since  the  evening  before.  Less  sceptical 
than  ourselves,  all  the  officers  of  the  Zelee  were  already  persuaded  of 
the  reality  of  this  discovery.  Unfortunately  an  unbroken  calm  pre- 
vented us  from  approaching  it  to  make  the  matter  certain.  NoverthelesSy 
joy  reigned  on  board;  henceforth  the  success  of  our  enterprise  was 
assured  ;  for  the  expedition  could  report  in  any  case  the  discovery  of  a 
new  land. 

The  day  was  entirely  devoted  to  the  sports  of  the  crew.  Although 
we  had  not  yet  reached  the  polar  circle,  our  men  did  not  wait  for  that 
to  produce  the  Antarctic  sovereign  on  the  bridge.  They  represented,  as 
usual,  all  kinds  of  strange  scenes;  there  was  a  show  of  mummers,  a 
sermon,  and  a  banquet.  The  whole  closed  with  dancing  and  singing. 
The  entire  crew  wore  cheery  and  full  of  fun.  Indeed,  since  leaving 
Ilobart  Town,  our  men  had  rarely  enjoyed  more  flourishing  health. 
Numerous  sea-birds  surrounded  us ;  we  saw  a  great  number  of  penguins 
floundering  about  in  the  water,  and  several  fur  seals,  but  not  a  single 
one  of  those  giant  petrels  which  we  had  found  in  such  abundance  on 
the  icebergs  {glaces)  during  our  first  circumpolar  expedition ;  they  used 
to  come,  when  our  corvettes  were  hemmed  in  the  ice,  and  fight  under  our 
very  e^^es  for  the  remains  of  the  seals  killed  by  our  hunters.  We  picked 
up  on  the  surface  of  the  sea  a  long  whitish  girdle  of  most  singular 
appearance.  It  was  more  than  2  metres  long,  round,  and  uniform.  Later 
we  found  it  was  formed  by  an  agglomeration  of  molluscs ;  we  found 
similar  girdles  later  on,  but  shorter. 

Jan.  21. — Ever  since  we  had  recognised  land  we  were  impatiently 
awaiting  a  wind  which  should  enable  us  to  approach  ;  at  last,  at  3  a.m.y 
it  rose  in  the  S.S.E.,  but  it  was  so  light  that  we  hardly  made  one  knot. 
As  we  approached  nearer  we  distinctly  saw  crevasses  on  the  ice  crust 
which  covered  the  earth,  giving  it  a  very  uniform  grey  tint.  Here  and 
there  we  saw  deep  ravines  hollowed  out  by  the  water  which  arose  from 
the  melting  of  the  snow;  but  the  details  of  the  coast  were  hidden  from 
us  by  the  islands  of  floating  ice  which,  in  all  probability,  had  but  lately 
been  detached. 

At  last  the  wind  settled  in  the  S.S.J^.,  and  we  began  to  advance 
rapidly ;  but  the  nearer  we  came  the  more  numerous  and  menacing 
became  the  ice-islands.  Soon  they  really  became  an  alarming  mass, 
divided  by  narrow,  winding  channels.  Nevertheless,  I  did  not  hesitate 
to  steer  towards  it.  At  8  o'clock  we  were  so  shut  in  by  these  floating 
masses  that  I  feared  every  minute  to  see  our  corvettes  dashed  to  pieces 
on  them.  We  were  by  no  means  free  from  danger,  for  the  sea  produced 
around  these  masses  considerable  eddies,  which  could  not  fail  to  bring 
a  ship  to  destruction  if  she  were  for  a  moment  sheltered  from  the  wind 
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by  the  liigh  clifis  of  ice.  In  passing  at  their  base  we  were  well  able 
to  jndge  of  the  height  which  these  icebergs  attain.  Their  perpen- 
dlcalar  walls  towered  above  our  masts ;  they  overhung  our  ships, 
whose  dimensions  seemed  ridiculously  diminutive  compared  with  these 
enormous  masses.  The  spectacle  which  presented  itself  to  our  gaze 
was  at  once  grand  and  terrifying.  One  could  imagine  oneself  in  the 
narrow  streets  of  a  city  of  giants.  At  the  foot  of  these  immense  masses 
we  perceived  vast  caverns  hollowed  out  by  the  sea,  where  the  waves 
rushed  in  with  a  roar.  The  sun  darted  oblique  rays  on  the  immense 
walls  of  ice,  which  resembled  crystal.  The  eifi;cts  of  light  and  shade 
were  truly  magical  and  striking.  From  the  top  of  these  ice  mountains 
there  leaped  into  the  sea  numerous  streams,  caused  by  the  apparently 
very  active  melting  of  the  snow.  We  often  saw  in  front  of  us  two 
icebergs  so  near  each  other  that  we  lost  sight  of  the  land  towards 
which  we  were  steering.  We  could  then  only  see  two  straight, 
threatening  walls  rising  up  beside  us.  The  orders  of  the  officers 
were  echoed  several  times  by  these  gigantic  masses,  which  throw 
the  sounds  of  the  voice  from  one  to  the  other;  when  our  eyes  fell 
on  the  Z&4e,  following  us  at  a  short  distance,  she  looked  so  small 
and  her  masts  seemed  so  slender,  that  we  could  not  suppress  a  feeling 
of  alarm.  For  nearly  an  hour  we  saw  nothing  round  us  but  vertical 
walls  of  ice.  Then  we  reached  a  vast  basin  formed  by  the  land  on  one 
side,  and  on  the  other  by  the  chain  of  floating  islands  through  which 
we  had  just,  passed.  At  midday  we  were  not  more  than  three  or  four 
miles  from  our  new  discovery. 

The  land  which  was  in  sight  showed  now  such  irregularities  as  it 
possessed ;  it  stretched  as  far  as  one  could  see  to  south-east  and  north- 
west, and  in  these  two  directions  its  limits  were  invisible.  It  was 
entirely  covered  with  enow,  and  might  reach  a  height  of  1000  to  1200 
metres.  Nowhere  was  there  any  striking  peak.  Nowhei'e  was  any 
spot  to  be  seen  which  indicated  soil,  and  one  could  almost  believe  that 
we  had  before  us  an  ice-pack  considerably  larger  than  any  we  had  met, 
granting  the  possibility  of  any  pack  attaining  such  a  prodigious  height. 
The  shore  presented  everywhere  a  vertical  cliflf  of  ice,  like  those  we 
had  noticed  in  the  floating  islands  we  had  just  passed.  This  aspect 
of  the  coast  was  so  like  that  presented  by  the  floating  icebergs  (jglacci) 
that  we  ha<l  never  hesitated  about  their  formation.  Besides  this,  at 
several  points  along  the  shore  we  noticed  a  great  quantity  of  floating 
ice,  apparently  scarcely  separated  from  the  shore  where  they  had  been 
formed,  and  only  waiting  for  the  winds  and  currents  to  gain  the  open 
sea.  The  higher  parts  of  the  land  presented  everywhere  a  uniform 
hue,  reaching  the  sea  by  a  gentle  incline ;  owing  to  this  formation 
we  could  see  at  a  glance  a  considerable  stretch  of  land.  At  several 
points  we  noticed  that  the  surface  of  the  snow  which  covered  the  land 
was  ploughed  up.     One  could   distinguish   regular  waves  like  those 
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hollowed  out  by  wiud  in  the  sand  deserts.  It  was  especially  in  the  1 
sheltered  places  that  the  irregularities  were  more  marked.  At  other  points 
this  ice  crust  seemed  also  traversed  by  ravines  or  hollowed  by  water.  The 
sun  was  shining  brilliantly,  adding  greatly  to  the  already  very  imposiDg 
aspect  of  this  mass  of  ioe.  With  our  glasses  we  were  gazing  oorionsly 
on  this  mysterious  land,  the  existence  of  which  no  longer  seemed 
doubtful,  but  which  had  not  as  yet  offered  any  undeniable  proof  of  it. 
Before  long  the  man  on  the  look-out  thought  he  oould  distinguish  a  dark 
spot  on  the  coast  line,  and  hastened  to  announce  his  discovery ;  several 
offioers  who  had  run  up  the  rigging  also  thought  they  could  see  the 
longed-for  signs  across  a  mass  of  floating  islands  which  bordered  the 
coast.  But  as  we  approached,  the  black  spot  which  had  been  sighted 
suddenly  disappeared.  We  recognised  among  the  floating  islands  one 
which  had  an  earthy  colour,  and  this  might  have  given  rise  to  the 
mistake.  We  supposed  that  this  was  the  dark  spot  seen  by  the  man  on 
the  look-out.  It  is  possible,  however,  that  there  was  in  this  part  an 
island  or  a  bare  summit,  which  might  have  appeared  in  a  given  direc- 
tion, but  which  had  disappeared  later  behind  the  icebergs  {glaeei)  which 
bordered  the  coast.  The  events  of  the  next  few  hours  show  that  this 
hypothesis  was  very  probable. 

;  I  The  wind,  although  light,  was  favourable  for  sailing  along  the  coast 
I  westwards.  All  day  was  occupied  in  exploring  it.  We  noticed  several 
1  projecting  headlands  and  some  rather  shallow  bays  choked  by  an  im- 
;  mense  quantity  of  floating  islands ;  everywhere  the  coast  presented  the 
same  aspect,  terminating  towards  the  sea  in  an  ice-wall  which  rendered 
all  landing  impossible.  For  some  time  MM.  Dumoulin  and  Coupvent, 
who  were  auxious  to  obtain  magnetic  observations  more  conclusive  than 
those  they  had  made  on  board,  had  asked  me  to  land  either  on  the  coast 
or  some  ice-island  sufficiently  lai^  to  be  absolutely  steady.  In  vain 
during  the  day  had  I  sought  an  opportunity  to  satisfy  this  laudable 
desire;  all  the  ice-islands  that  we  met  with  were  inaccessible.  But 
towards  6  p.m.  one  of  them,  having  a  fairly  easy  incline  on  one  side, 
seemed  to  unite  all  the  conditions  necessary  for  this  kind  of  work. 
Immediately  the  whale-boat  was  lowered  in  order  to  convey  the  officeiis 
who  were  to  take  their  observations.  In  the  meantime  our  corvettes 
loy-to,  in  order  not  to  drift  from  this  spot.  It  was  at  this  moment  that 
we  verified  irrefutably  the  existence  of  land.  M.  Duroch,  who  was 
officer  of  the  watch,  had  already  fixed  his  glass  on  a  point  where  for  a 
moment  ho  thought  he  saw  dark  spots;  but  ^very  mark  of  the  sort 
immediately  disappeared  as  our  corvettes  began  to  move.  Suddenly, 
ho  again  noticed  rocks,  the  sombre  hue  of  which  contrasted  with  the 
whiteness  of  the  snow,  but  they  disappeared  immediately  behind  the 
it  obergs ;  this  time,  however,  the  land  had  been  recognised  in  an  unmis- 
takable manner.  I  decided  to  have  a  boat  got  ready  to  go  and  verify 
this  important  fact.     At  this  advanced  hour  of  the  day,  the  sending  of 
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a  boat  to  so  great  a  distanoe  was  not  without  danger.  Besides  our  boats 
were  very  inferior  in  sailing  qualities  to  the  whaler,  whioh  I  had  already 
dispatched  to  make  the  physical  observations.  However,  as  I  was 
aiudunB  to  profit  by  the  fortunate  circumstances  which  might  never 
oocmr  again,  I  confided  the  large  boat  to  M.  Duroch,  with  the  order  to 
oolleot  palpable  fragments  of  our  discovery.  The  ZeUe  also  sent  a  boat 
under  the  command  of  M.  Dubouzet.  Like  ourselves,  the  officers  of  this 
ship  had  noticed  bare  islets,  and  were  also  keenly  anxious  to  go  and 
examine  them. 

At  9  o'clock  MM.  Dumoulin  and  Goupvont  returned  on  board,  having 
finished  all  their  observations.  They  had  established  one  important 
fact  which  explained  how  the  ice-islands,  after  being  formed  on  the 
ooasty  were  able  to  float  away  so  rapidly.  After  having  arranged  a 
dip-Girde  on  the  ice  where  they  had  landed,  these  gentlemen  had 
tamed  the  lunette  d^Spreuve  on  to  a  very  distant  ioeberg.  After  a  very 
short  time  they  perceived  that  the  island  on  to  which  they  had  directed 
the  glass  had  undergone  a  great  movement.  Afterwards,  when  they 
aimed  at  one  of  the  points  of  the  land,  in  order  to  know  if  the  ioeberg 
on  which  they  stood  (and  which  appeared  much  larger)  had  a  movement 
of  its  own,  they  proved  that  this  enormous  mass  was  being  impelled  in- 
dependently by  a  movement,  which  though  it  appeared  very  slight,  was 
not  the  less  evident  to  the  glass.  While  the  corvettes  were  lying-to  I 
had  tried  to  take  soundings ;  unfortunately  all  our  sounding-lines  were 
almost  useless.  I  had  only  been  able  to  drop  the  lead  to  100  fathoms 
without  finding  bottom.  It  is  certain,  since  the  ice  on  which  MM.  Du- 
moulin and  Coupvent  had  made  their  observations  was  not  resting  on 
the  earth,  it  is  certain,  I  say,  that  the  sea  there  is  very  deep. 

The  two  boats  which  had  gone  ashore  did  not  return  till  10.30,  laden 
with  fragments  of  rocks  detached  from  the  shore.  The  following  is  an 
account  of  this  interesting  excursion  from  the  journal  of  M.  Dubouzet : — 
*' During  the  whole  day  all  eyes  had  been  fixed  on  the  coast  to  try  and 
discover  something  other  than  snow  and  ice.  At  last,  when  we  were 
beginning  to  despair,  after  having  passed  a  mass  of  floating  islands  which 
quite  blocked  out  the  shore,  we  noticed  several  little  islets  the  sides  of 
which, destitute  of  snow,  showed  us  that  blackish  earth  so  ardently  desired. 
Several  minutes  later  we  saw  the  large  boat  of  the  Astrolabe  leave  the 
corvette  and  start  towards  the  shore  with  an  officer  and  two  naturalists. 
Immediately  I  requested  Commander  Jaoquinot  to  embark  me  in  bis 
yawl,  which  he  ordered  to  be  lowered  to  send  ashore.  The  Aetrolahe  boat 
had  already  got  a  good  start  of  us ;  after  2^  hours  hard  rowing  we 
reached  the  nearest  islet.  Onr  men  were  so  full  of  ardour  that  they 
hardly  noticed  the  effort  they  had  just  been  making,  in  covering  more 
than  seven  miles  in  so  short  a  time.  Going  along,  we  passed  quite  close 
to  immense  ice-islands.     Their  perpendicular  sides,  eaten  away  by  the 

were  crowned  on  the  top  by  long  needles  of  a  greenish  ice  formed 
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after  a  thaw.  Their  appearance  was  to  the  last  degree  imposing.  They 
seemed  to  form  an  insurmountable  l;>arrier  to  the  east  of  the  islets  to 
which  we  were  bound ;  and  this  made  mo  think  that  they  were  per- 
haps fixed  80-100  fathoms  down.  Their  height  indicated  about  this 
draught  of  water.  The  sea  was  covered  with  debris  of  ice,  which 
obb'ged  us  to  take  a  very  winding  course.  On  the  icebergs  {glagcnt)  we 
noticed  a  crowd  of  penguins,  who  with  a  stupid  air  quietly  watched  ns 
pass. 

"  It  was  nearly  9  o'clock  when,  to  our  great  joy,  we  landed  on  the 
western  part  of  the  most  westerly  and  the  loftiest  islet.  The  Astrolabe's 
boat  had  arrived  a  moment  before,  and  already  the  men  had  climbed  up 
the  steep  sides  of  this  rock.  They  hurled  down  the  penguins,  who  wore 
much  astonished  to  find  themselves  so  brutally  dispossessed  of  the  island, 
of  which  they  were  the  sole  inhabitants.  We  also  jumped  on  shore 
armed  with  pickaxes  and  hammers.  The  surf  rendered  this  operation 
very  difficult.  I  was  forced  to  leave  several  men  in  the  boat  to  look 
after  her.  I  then  immediately  sent  one  of  our  men  to  unfurl  the 
tricolour  flag  on  this  land,  which  no  human  creature  had  either  seen  or 
stepped  on  before.  Following  the  ancient  custom,  faithfully  kept  up  by 
the  English,  we  took  possession  of  it  in  the  name  of  France,  as  well  as 
of  the  adjacent  coast,  which  the  ice  prevented  us  from  approaching. 
Our  enthusiasm  and  joy  were  such  that  it  seemed  to  us  we  had  just  added 
a  province  to  French  territory,  by  this  wholly  pacific  conquest.  If  the 
abuse  which  has  been  bom  of  such  acts  of  possession  has  caused  them  to 
be  often  regarded  as  ridiculous  and  worthless,  in  this  case  at  any  rate 
wo  believed  ourselves  sufficiently  in  the  right  to  maintain  the  ancient 
custom  in  favour  of  our  country.  For  we  dispossessed  none  and  our 
titles  were  incontestable.  We  regarded  ourselves,  therefore,  at  once  as 
being  on  French  soil ;  and  there  is  at  least  this  advantage  that  it  will 
never  raise  up  war  against  our  country. 

**  The  ceremony  ended,  as  it  should,  with  a  libation.  To  the  glory  of 
France,  which  concerned  us  deeply  just  then,  we  emptied  a  bottle  of  the 
most  generous  of  her  wines,  which  one  of  our  companions  had  had  the 
presence  of  mitid  to  bring  with  him.  Never  was  Bordeaux  wine  called 
on  to  play  a  more  worthy  part ;  never  was  bottle  emptied  more  fitly. 
Surrounded  on  all  sides  by  eternal  ice  and  snow,  the  cold  was  extreme. 
This  generous  liquor  reacted  with  advantage  against  the  rigours  of  the 
temperature.  All  this  happened  in  less  time  than  it  takes  to  write  it. 
We  then  all  set  to  work  immediately  to  collect  everything  of  interest  in 
natural  history  that  this  barren  land  could  ofier.  The  animal  kingdom 
was  only  represented  by  the  penguins.  Notwithstanding  all  my  search 
we  did  not  find  a  single  shell.  The  rock  was  entirely  bare,  and  did  not 
even  offer  the  least  trace  of  lichens.  We  found  only  one  single  seaweed, 
and  that  was  dry ;  so  it  had  been  brought  there  by  currents  or  birda 
We  were  obliged  to  fall  back  on  the  mineral  kingdom.     F^ch  of  us  took 
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a  hMnmer  and  b^;an  to  hew  at  the  rook.  Bat  it  was  bo  hard,  being  of  a 
granite  natore,  that  we  ooold  only  detach  very  small  pieces.  Happily, 
while  wandering  on  the  summit  of  the  island,  the  sailors  discovered 
large  fragments  of  rock  detached  by  frost,  and  these  they  took  into  our 
boats.  In  a  short  time  we  had  enough  to  supply  specimens  to  all  our 
muBeoms  and  to  others  besides.  In  examining  them  closely,  I  reoognised 
a  perfect  resemblance  between  these  rocks  and  some  small  fragments  that 
we  had  found  in  the  stomach  of  a  penguin  killed  the  evening  before. 
These  fragments  could,  if  necessary,  have  given  an  exact  idea  of  the 
geological  formation  of  this  land,  if  it  had  been  impossible  to  go  on  shore 
thereb  However  extraordinary  may  be  this  way  of  doing  geology,  it 
proves  how  much  interest  the  smallest  observations  may  have  for  the 
naturalist,  often  even  helping  him  in  his  researches,  by  leading  him 
sometimes  on  to  the  track  of  discoveries  to  which  they  seem  to  be  the 
most  foreign.  The  small  islet  (ilot)  on  which  we  landed  is  one  of  a 
group  of  eight  or  ten  small  islands  rounded  above,  and  all  presenting 
pretty  much  the  same  form.  These  islands  are  separated  from  the 
nearest  coast  by  a  distance  of  500-600  metres.  We  noticed  along  the 
shore  several  more  tops  quite  bare,  and  one  cape  of  which  the  base  was 
also  free  from  snow ;  but  we  noticed  also  a  great  quantity  of  ice  which 
made  the  approach  to  it  very  difficult.  All  these  islets,  very  close  to 
eaoh  other,  seemed  to  form  a  continuous  chain  parallel  to  the  coast  from 
east  to  west.  All  the  ice  islands,  accumulated  in  the  eastern  part,  which 
seemed  to  me  fixed,  probably  cover  other  islets  similar  to  those  on  which 
we  had  landed.  It  is  certain  that  many  rooks  must  be  buried  every  year 
by  enormous  masses  of  ice,  of  which  they  form  the  nucleus.  Perhaps  even 
the  great  land  in  front  of  us  was  out  up  by  numerous  channels.  The 
hydrographical  records  which  were  made  in  these  latitudes  can  have  no 
other  object  than  to  determine  the  form  of  the  glaciers  at  the  moment  of 
our  passage  without  showing  the  contour  of  the  coast,  which  must 
ruely  be  free  from  the  thick  crust  covering  the  soil. 

**  We  did  not  leave  these  islets  till  9.30 ;  we  were  entranced  by  the 
tneasnres  we  carried  away.  Before  hoisting  sail  we  saluted  our  dis- 
oovezy  with  a  general  hurrah,  to  bid  it  a  last  good-bye.  The  echoes 
of  these  silent  regions,  for  the  first  time  disturbed  by  human  voices, 
repeated  our  cries  and  then  returned  to  their  habitual  silence,  so  gloomy 
and  so  imposing ;  favoured  by  a  good  easterly  breeze,  we  took  our  course 
to  fhe  ships,  which  were  bearing  off  from  land,  often  disappearing  in 
their  taoks  behind  the  great  ice-islands.  We  reached  them  only  at 
11  p»m.  The  oold  was  then  extremely  sharp.  The  thermometer 
tegittered  5^  below  zero.  The  outsides  of  our  boats,  as  well  as  the 
xma,  were  oovered  with  a  coating  of  ice.  We  were  glad  to  get  back 
on  board  the  corvettes,  happy  to  have  thus  completed  our  discovery 
without  aooident^  for  in  this  glacial  and  capricious  dimate  it  is  not 
good  to  leave  one's  ship  for  long  at  a  time.    The  least  wind  overtaking 

2  o 
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a  ship  on  snoh  a  coast  would  force  it  to  go  out  to  sea  at  once  and 
abandon  its  boats." 

After  this  excursion,  which  left  no  more  doubt  as  to  the  reality 
of  our  discovery,  it  remained  only  for  me  to  extend  the  examination 
of  it  as  far  as  possible.  The  weather  seemed  to  lend  itself  favourably 
to  this  difficult  course.  The  wind  was  east  and  blew  us  slowly  west- 
wards. Up  to  that  time,  and  while  any  doubt  remained,  I  did  not 
wish  to  give  any  name  to  our  discovery ;  but  on  the  return  of  our  boats 
I  gave  it  the  name  of  Adolie  Land.  The  very  projecting  cape  which 
wo  had  seen  in  the  morning  when  we  were  trying  to  get  near  the  land, 
received  the  name  of  Gape  Decouverte.  The  point  near  to  which  our 
boats  landed,  and  where  they  collected  the  geological  specimens,  was 
named  Point  Oeology. 


-CHAPTER  LX. 

Examination  of  Adelie  Land, — Navigation  along  the  ice-pack, — ExaminatioH 
of  Clarie  Coast, — Betum  of  the  corvettes  to  Hobart  Toum, 

1840.  Jan.  22. — The  nights  had  become  so  short  that  we  hardly 
lost  sight  of  the  land  after  sunset.  At  1  a.m.  we  could  again  see  every 
detail.  The  breeze  was  so  light  that  we  had  hardly  moved.  However, 
towards  nine  o'clock  we  had  arrived  off  a  vast^  and  quite  open,  bay. 
There  the  ice-crust  which  covered  the  land  seemed  furrowed  in  every 
direction  by  deep  ravines,  which  caused  me  to  name  it  the  Bay  of 
Bavines.  We  had  already  noticed  a  similar  phenomenon  before  reaching 
Cape  P6pin,  but  at  the  head  of  the  bay  the  ice  which  covered  the  ground 
appeared  so  tossed  about,  that  one  would  have  said  it  had  been  thrown 
on  to  the  ground  in  enormous  blocks,  as  is  often  seen  in  recent  volcanic 
regions.  A  multitude  of  floating  islands  of  colossal  dimensions  were 
moving  into  the  open.  Their  sides  were  formed  of  upright  walls,  but 
the  upper  surface,  instead  of  being  level,  seemed  also  covered  with 
pieces  of  ice,  the  crystal  prisms  of  which  crossed  each  other  in  every 
direction.  This  chain  of  scattered  ice-islands  produced  a  most  singular 
effect.  They  probably  rested  on  the  bottom,  perhaps  even  on  separate 
islets,  which  served  them  for  a  base.  Several  times  the  man  on  the 
look-out  thought  he  could  distinguish  dark  S}K)ts  among  them ;  but  it 
often  happens  that  ice  takes  on  a  dark  colour  according  as  the  light 
strikes  it,  and  the  indications  of  land  which  were  reported  were  never 
sufficiently  decided  to  establish  for  certain  the  hypothesis  I  have  just 
thrown  out.  Several  times  we  noticed  also  reddish  tints  in  the  floating 
ice  without  being  able  to  guess  the  cause.  Even  on  our  oourse  we  met 
a  small  iceberg  (jglagon)  which  showed  this  strange  hue  in  a  very 
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marked  degree.  For  an  instant  I  hoped  to  oollect  specimenB  of  it, 
but  we  were  still  too  far  oflf  to  lower  a  boat  to  go  for  them ;  the  wind 
dropped,  and  our  corvettes  were  caught  by  currents  and  borne  away 
far  to  the  west. 

Also  among  the  floating  icebergs  we  had  noticed  several  with  a  brown 
ooloor,  as  if  they  had  been  soiled  by  contact  with  the  earth.  It  is  pro- 
bable that  these  singular  effects  cannot  always  be  referred  to  freaks  of 
light,  which  vary  to  an  infinite  degree  among  these  gigantic  masses  with 
their  manifold  forms.  All  these  ice-islands  are  probably  produced  near 
the  shore,  and  afterwards,  on  becoming  detached,  carry  away  with  tbem 
debris  attesting  their  origin.  There  was  one  of  these  extraordinary 
blocks  a  little  distance  in  front  of  us,  and  I  was  most  anxious  to  approach 
it;  bat  the  breeze  did  not  spring  up  till  after  sunset.  It  was  midnight 
when  we  passed  it,  coming  quite  close  up  to  it.  It  had  then  the  look  of 
earth ;  but  it  was  impossible  to  recognise  the  cause  of  this  particular  colour. 

Jan.  23. — At  4  a.m.  the  watch  reported  that  the  sea  was  blocked  in 
front  of  us  by  a  chain  of  ice-islands.  The  sky  was  magnificent.  There 
was  no  indication  yet  of  any  change  in  the  weather.  The  breeze  was 
light  and  regular,  the  sea  absolutely  calm.  Being  desirous  of  prolong- 
ing my  examination  of  the  land  as  far  as  possible,  I  wished  at  first  to  try 
and  continue  my  course  between  the  land  and  the  chain  of  islands  which 
had  been  reported  to  me ;  but  as  we  approached,  the  man  on  the  look- 
out sighted  fresh  ice-islands  which  were  soon  seen  to  be  linked  together 
by  a  continuous  pack.  This  ice  barrier,  resting  on  the  land  to  the 
south,  stretched  northwards,  and  then  round  to  the  east ;  we  came  very 
dose  to  it ;  it  was  similar  to  those  we  had  met  in  our  first  circumpolar 
expedition.  Lfurge  icebergs  surmounted  it  on  all  sides.  The  sea  broke 
against  it  with  force  without  shaking  it. 

Although  my  plans  were  thus  unexpectedly  upset,  I  hoped  that  the 
pack  would  not  stretch  far  to  the  north,  and  that  we  could  thus  soon 
doable  it,  and  by  sailing  along  it  keep  our  course  westwards.  For  a 
moment  I  thought  that  the  ice-pack,  ending  about  the  66th  parallel,  would 
leave  as  a  free  passage  towards  the  west.  There,  however,  it  formed  a 
great  galf,  and  in  the  centre  nothing  was  to  be  seen  but  a  line  of  float- 
ing islands,  among  which  it  would  have  been  easy  to  pass ;  but  in  running 
north  we  again  saw  the  ice-pack,  which  drove  us  east  by  barring  our 
oourse.  The  weather  continued  magnificent.  This  field  of  ice,  seen 
from  the  rigging,  glittered  under  the  oblique  rays  of  the  sun  with  a 
brillianoy  like  that  of  diamonds.  In  the  midst  we  perceived  an  enor- 
mous mountain  of  ice,  which  so  £aj  surpassed  in  diameter  those  we  had 
■een  before,  that  we  supposed  there  must  be  a  nucleus  of  land  to  serve 
aa  its  base.  The  wind  being  always  east,  we  had  to  tack  in  order  to 
emerge  from  the  etil-de-aac  in  which  we  were  caught.  All  day  we  re- 
mained in  sight  of  this  ice  mountain,  but  nothing  occurred  to  confirm 
oar  speoolations  regarding  it. 
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Ever  Binoe  onr  first  oiroompolar  expedition  we  had  oomitanily  re* 
marked  that  in  the  evening,  after  sundown,  there  is  a  fairly  well-marked 
clearness  above  the  icebergs,  arising  doubtless  from  the  reflection  of  the 
ice.  This  clearness  had  always  been  a  signal  to  us  of  the  approach  of 
ice-fields.  Beduced  to  tacking  at  night  in  the  middle  of  a  space  strewn 
with  a  large  number  of  floating  islands,  we  were  obliged  to  redouble  our 
care  in  order  to  avoid  running  against  them  unawares.  We  all  knew 
well  that  our  position  might  become  dangerous  if  the  easi  wind,  which 
was  preventing  us  from  getting  out  of  the  gulf  in  which  we  found  onr- 
selves,  were  to  blow  strongly.  Therefore  that  evening  I  anxiously 
surveyed  all  points  of  the  horizon,  and  very  quickly  realised  that  we 
were  still  &r  from  having  reached  the  eastern  extremity  of  the  ice-pack, 
the  direction  of  which  I  could  study  by  the  great  clearness  which  it  re- 
flected in  the  sky.  At  8  p.m.  we  stood  in  towards  the  land  in  order  to 
make  a  long  tack  during  the  few  hours  of  night  which  remained.  At 
midnight  the  breeze  seemed  to  increase.  The  swell  which  made  itself 
lelt  from  the  east  would  have  been  a  certain  sign  of  bad  weather,  even 
if  the  sky  had  not  become  cloudy  and  very  threatening. 

Jan.  24, — At  4  a.m.  we  were  running  north,  and  I  thought  then  we 
had  doubled  the  ice-pack  as  we  had  spied  a  headland  to  the  east  the 
night  before;  but  the  man  on  watch  soon  announced  again  solid  ice 
in  front  of  us.  The  pack  stretched  north-east  as  far  as  we  could  see, 
thus  extending  the  gulf  in  which  we  were  confined.  I  instantly  began 
to  haul  the  wind,  but  realising  soon  that  we  could  not  double  the  ice 
(glacea)  by  tacking  we  went  about  to  run  once  more  for  the  land.  Mean- 
while the  breeze  freshened  suddenly;  the  sea  got  up  and  for  a  few 
moments  our  position  was  most  critical.  Happily  the  space  in  which 
we  had  to  run  was  not  too  much  encumbered  with  floating  ice.  Only 
about  twenty  bergs  were  in  sight;  blown  by  the  wind,  they  were 
visibly  drifting  towards  the  pack.  Towards  1  a.m.  the  wind  was  coming 
in  squalls  of  extraordinary  force.  Snow  fell  in  whirlwinds  and  hid  the 
land  from  us.  Our  horizon  was  limited  to  no  more  than  three  cables' 
length  and  navigation  was  most  dangerous,  for  if  we  had  at  that  moment 
met  one  of  the  huge  icebergi^  which  were  so  numerous,  on  our  course,  we 
might  not  perhaps  have  seen  it  in  time  to  avoid  it,  and  then  what  an 
end  would  have  been  ours !  Our  corvettes  could  not  have  borne  the 
shook  of  these  enormous  masses  of  compact  ice,  and  they  would  probably 
have  sunk  on  the  spot. 

At  the  beginning  of  the  storm  the  ZiUe  was  only  a  few  cables*  length 
behind  us.  I  hastened  to  signal  to  the  captain  that  he  should  steer  as 
he  thought  best  for  the  safety  of  his  own  vessel,  without  troubling  to 
remain  any  longer  in  our  wake ;  but  at  that  moment  our  ships  were 
suddenly  enveloped  in  a  thick  whirlwind  of  snow  which  prevented  the 
signal  from  being  seen.  However,  from  that  moment  our  corvettes  lost 
sight  of  each  other,  and  great  fears  soon  seized  us  concerning  the  &te  of 
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the  ZfUe*  Notwithstanding  the  violenoe  of  the  wind,  we  were  obliged  I 
to  oarry  as  muoh  sail  as  possible  to  prevent  being  driven  on  to  the  ' 
pack,  where  we  should  have  been  quickly  and  inevitably  lost.  Being 
foroed,  however,  to  clew  up  the  mainsail  in  a  squall,  it  was  almost  im- 
mediately torn  to  ribbons.  Soon  we  had  to  take  in  the  foresail ;  but  we 
managed  with  great  difficulty  to  set  the  close-reefed  main  topsail ;  the 
masts  bent  even  under  this  reduced  sail.  Every  moment  we  feared 
the  nudn-mast  would  go  or  our  topsails  would  be  carried  away  and  torn 
to  pieces  by  the  wind.  The  A$ir6labe^  floundering  in  the  midst  of  waves 
which  came  over  her  on  all  sides,  presented  a  terrifying  spectacle ;  she 
heeled  over  to  such  an  extent  that  her  leeward  battery  was  almost 
entirely  covered  by  the  sea.  If  at  that  moment  and  at  the  speed  at 
which  we  were  going,  she  had  run  against  any  obstacle,  she  would  have 
been  engulfed  immediately.  The  cold  was  intense,  and  the  fore  part  of 
the  ship  was  hidden  under  a  thick  coating  of  rime.  The  snow,  which  / 
fell  thickly,  caught  on  every  rope  and  froze  there,  thus  increasing  its 
•tifibess.  The  efforts  of  all  the  crew  were  necessary  to  execute  the 
slightest  order,  and  I  was  afraid  that  their  strength  would  soon  be 
exhausted. 

Everyone,  officers  and  men,  did  their  duty  admirably ;  notwithstanding 
all  our  efforts,  however,  I  soon  saw  that  far  from  gaining  eastwards 
we  were  drifting  rapidly  to  the  west.  Twice  already  we  had  tacked  close 
to  the  pack,  and  each  time  I  had  noticed  that  notwithstanding  our  tacking 
we  had  been  carried  a  long  way  to  the  westward.  To  crown  our  mis- 
fbitaneSy  the  compass  had  become  quite  inaccurate,  just  when  precise 
indications  were  so  necessary  to  us.  As  a  matter  of  fact,  while  we  had 
been  running  south,  hardly  altering  our  course,  we  had  scarcely  noticed 
the  considerable  deviation  which  the  magnetic  needle  had  undergone  in 
approaching  the  magnetic  pole.  But  on  this  day,  the  most  terrible  of 
all  that  we  passed  in  the  glacial  regions,  we  had  to  sail  in  very  different 
and  often  totally  opposite  directions ;  from  that  time  all  our  compasses 
were  untrue ;  we  were  so  near  the  magnetic  pole,  that  the  horizontal 
fiiroe  which  directed  our  needles  became  too  weak  in  comparison  with 
outside  influences ;  the  indications  of  the  compass  immediately  became 
&ulty  and  irregular.  M.  Dumoulin,  who  spent  much  time  in  studying 
the  anomalies  of  the  magnetic  needle,  had,  during  the  storm,  collected 
together  all  the  compasses  we  had  on  board  into  the  quietest  part  of  the 
vessel.  Nevertheless,  it  was  not  for  some  days,  after  having  made 
observations  of  comparative  declination  (variation)  with  the  ship  heading 
in  all  directions,  that  we  knew  exactly  the  route  we  had  followed  in  the 
ice,  and  all  the  dangers  that  we  had  run. 

On  the  24th  the  floating  icebergs  (glaces)  we  bad  noticed  before 
served  as  our  sole  guides ;  they  sufficed  to  prove  that,  notwithstanding 
oar  tiM)lring,  the  wind  was  carrying  us  rapidly  to  the  westward,  and  our 
only  hope  of  safety  lay  in  a  speedy  diminution  in  the  strength  of  the 
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wind.  At  7  p.m.  it  had  beeome  so  violent  that  all  navigation  was  very 
difficult.  It  was  impossible  to  remain  in  the  rigging,  which  was  covered 
with  sharp  icicles;  the  men  could  hardly  stand  on  the  deck,  which 
was  constantly  swept  by  waves.  It  was  an  awfal  night ;  happily  we 
only  met  on  our  course  a  few  scattered  icebergs,  which  we  were  able  to 
see  in  time  to  avoid.  No  obstacle  presented  itself,  while  the  anew 
falling  in  huge  flakes,  and  a  thick  fog,  hardly  allowed  us  to  see  objects 
at  the  distance  of  one  mast  from  another ;  for,  as  I  said  before,  if  we 
had  met  a  single  iceberg  in  such  a  situation,  we  should  infallibly  have 
been  lost. 

How  painful  were  my  reflections  at  such  a  moment!  If  we  had 
perished  that  day,  all  the  records  of  the  expedition  would  have  been 
destroyed;  I  had  not  even  the  consolation  of  thinking  that  I  had 
been  led  into  this  new  ice  expedition  by  the  instructions  which  had 
been  entrusted  to  me.  For  myself,  life  was  nothing:  condemned  to 
constant  suffering,  death  would  be  almost  a  deliverance;  but  how 
different  was  the  position  of  the  young  sailors  with  a  most  hononisble 
future  before  them,  who  several  days  before  had  been  so  joyous  and 
hopeful  at  the  sight  of  the  land  we  had  just  discovered.  How  eagerly 
I  scanned  the  horizon!  Uncertain  of  our  position,  I  feared  eveiy 
moment  to  hear  the  terrible  cry  of  "  Ice-pack  to  leeward ! "  for  I  could 
not  disguise  from  myself  that,  notwithstanding  all  our  efforts,  we  should 
end  by  running  on  to  those  terrible  reefs  of  ice  without  any  chance  of 
salvation.  From  the  calculations  of  M.  Dumoulin,  only  ten  leaguee 
separated  us  from  the  head  of  the  gulf.  Allowing  for  drifting,  we 
should  cross  this  space  in  twelve  hours;  but  as  we  had  to  go  about 
every  instant  in  order  to  double  the  floating  ice  on  our  route,  our 
chances  of  safety  tended  to  diminish  still  more.  It  is  in  such  danger 
as  this  that  one  can  best  judge  of  the  crew  who  have  to  brave  it.  I 
can  say  that  never  did  the  men  of  the  Astrolabe  show  a  more  noble 
courage  ;  everyone,  officers  and  men,  on  this  occasion  showed  an  intrepid 
zeal,  a  stoical  abnegation,  worthy  of  the  highest  praise.  Two  officers 
were  constantly  on  duty  on  the  poop;  the  men  relieved  each  other 
hour  by  hour,  but  the  cold  was  so  intense,  and  the  work  so  trying,  that 
the  crew  were  exhausted. 

Jan.  25. — At  last,  the  next  day,  at  10  a.m.,  the  wind  suddenly 
lowered,  the  gusts  became  rarer  and  less  violent,  the  horizon  cleared, 
and  hope  began  to  revive  on  board  the  Astrolabe,  The  man  on  watch 
thought  he  could  see  from  aloft  the  ZeUe  a  long  way  off  to  leeward, 
but  the  cannon  which  we  discharged  to  show  her  our  position  received 
no  answer.  The  wind  soon  began  again  to  blow  strongly,  bringing 
j  with  it  snow,  which  blocked  out  the  horizon  afresh;  it  was  the  last 
dying  effort  of  the  storm,  the  wind  ^ank  all  at  once  and  became 
practicable;  the  horizon  cleared,  we  saw  land,  and  were  able  to  note 
the  effect  of  a  gale  upon  the  ice.     All  the  islands  which  we  had  seen 
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on  tbe  23rd  in  the  middle  of  the  basin  where  we  had  just  run  such 
great  danger,  had  almost  entirely  disappeared;  the  ice-pack  itself 
seemed  to  have  receded  under  the  violence  of  the  wind.  The  obser- 
vations which  were  taken  later  on  one  of  the  largobt  icebergs  showed 
ns  that  in  truth  the  northern  part  of  the  pack  had  moved  nearly  three 
miles  to  the  west.  It  was  even  possible  that  the  iceberg  which  served 
UB  as  a  point  of  observation  had  been  forced  back  westwards,  and  thus 
the  entire  pack  could  have  shared  in  this  motion  without  our  being 
able  to  discover  it.  As  soon  as  the  calm  returned,  each  of  us,  uneasy 
aa  to  the  &te  of  the  ZSl4e^  hastened  to  search  the  horizon,  but  in  vain. 
Her  position  caused  me  grave  fears :  in  spite  of  the  fury  of  the  squalls, 
in  spite  of  the  thickness  of  the  snow,  she  had  kept  up  in  our  wake 
at  three  or  four  cables'  length;  but  when  I  signalled  to  her  freedom 
of  action,  I  had  been  told  that  she  was  clewing  up  her  main  topsail. 
Now,  in  such  a  position,  damage  alone  could  have  compelled  Captain 
Jaoquinot  to  lessen  sail;  I  had,  therefore,  every  reason  to  fear  that  the 
corvette,  not  being  able  to  carry  her  canvas,  had  drifted  rapidly  on  to 
the  iceberg,  where  she  would  certainly  have  foundered;  and  in  that 
case  it  would  be  indeed  fortunate  if,  even  at  the  risk  of  disaster  to 
ourselves,  we  could  have  rescued  our  unfortunate  comrades  from  so 
terrible  a  shipwreck.  During  the  evening  the  fears  which  tormented 
us  oonoeming  the  fate  of  our  consort  were  slightly  allayed :  after  five 
o'olook  the  man  on  watch  thought  he  caught  a  glimpse  of  her  six 
or  seven  miles  to  leeward.  It  was  not  till  six  o'clock,  as  we  were 
making  a  long  tack  towards  the  land,  that  we  suddenly  recognised 
quite  dearly  our  faithful  companion,  with  all  sail  set  in  order  to  reach 
us.  She  had  fSedlen  about  seven  or  eight  miles  to  leeward,  had  seen 
us  and  crowded  on  canvas  to  beat  up  to  us.  At  once  I  bore  down  gently 
upon  her,  and  two  hours  later  the  two  corvettes  were  sailing  quietly 
side  by  side,  as  though  nothing  had  happened.  At  this  moment  my 
heart  was  relieved  of  a  great  weight,  for  all  the  satisfaction  I  had  felt 
in  the  discovery  of  Ad^lie  Land  would  have  been  poisoned  for  me  by 
the  loss  of  the  SSSUe^  if  such  a  catastrophe  should  have  ended  her  career, 
or  even  if  it  had  been  necessary  to  abandon  her  in  these  gloomy  lati- 
tudes. In  the  evening  the  sea  became  once  more  very  beautiful ;  a  gentle 
south-west  breeze  rose,  and  a  hope  sprang  up  in  my  mind  of  being  able 
to  sail  along  the  coast  eastwards,  after  having  been  so  abruptly  stopped 
to  the  west. 

Jan.  26. — The  whole  of  the  26th  was  therefore  spent  in  beating  up  / 
to  the  land,  from  which  we  were  at  night  only  three  or  four  leagues 
distant;  we  were  obliged  at  the  same  time  to  repair  the  damage  caused 
by  the  last  gale.  I  had  not  been  able  to  communicate  with  the  ZSlSe^ 
bat  it  was  evident  that  she  had  suffered  considerable  damage  to  her  sails 
during  the  bad  weather,  for  her  crew  were  employed  all  day  in  bending 
new  sails  to  the  yards. 
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In  the  eTening  we  tnooeeded  in  beating  np  to  a  long  line  of  scattered 
ice-islands,  whicli  had  only  very  narrow  channels  between  them.  We 
imagined  that  the  blocks  of  ice  were  the  same  as  those  among  which  it 
had  been  necessary  to  pick  onr  way,  when,  on  the  20tb,  we  had  tried  to 
approach  the  land.  We  counted  more  than  150  ice-islands  round  ns, 
among  which  several  persons  thought  they  coiild  recognise  some  of 
those  which  we  had  already  seen  on  the  20th.  I  have  said  already  that 
all  these  islands  had  nearly  the  same  appearance,  and  even  thongh  I  did 
not  think  it  was  possible  to  recognise  them  by  their  particular  form,  I 
am,  nevertheless,  convinced  that  all  these  blocks  of  ice  were  the  same  as 
those  in  the  midst  of  which  we  had  steered  our  way  on  the  2(Hh. 
However  that  may  be,  the  wind,  which  abated  in  the  night,  shifting  to 
the  south  and  then  to  south-east,  forced  us  soon  to  diange  our  direction. 
I  did  not  hesitate  for  a  moment  to  run  our  corvettes  into  the  middle  of 
this  chain  of  floating  bergs,  in  order  to  escape  as  quickly  as  possible  flrom 
the  gulf  where  we  had  just  been  in  such  danger. 

Jan.  27. — During  the  night  we  again  found  ourselves  surrounded  by 
huge  walls  of  ice  which  bound  the  floating  islands,  and  the  appearance 
of  which,  at  such  close  quarters,  had  already  seemed  to  us  so  imposing. 
It  happened  several  times  again  that  we  found  ourselves  so  much  shut 
in  between  these  threatening  walls,  that  it  was  to  be  feared  that  at  any 
moment  our  corvettes  might  be  drawn  into  the  eddy  formed  by  the 
waves  breaking  round  them.  The  night  looked  threatening.  The  sky 
gradually  clouded  over  again,  and  we  were  able  to  congratulate  ourselves 
on  I  having  passed  this  chain  of  floating  islands  when  daylight  brought 
us  strong  east  winds  and  much  snow.  I  gave  the  order  to  direct  our 
course  northwards ;  at  any  price  we  must  get  away  from  the  land ; 
snow  fell  abundantly,  and  once  more  our  course  was  fraught  with  the 
greatest  danger.  We  redoubled  our  care  and  watchfulness  in  looking 
out  for  the  icebergs,  which  at  any  moment  might  bar  our  passage,  but 
the  fog  was  so  thick  that  in  all  probability  we  should  not  have  had  time 
to  avoid  them.  At  midday  the  man  on  watch  signalled  the  ice-pack ; 
we  had  not  had  time  to  alter  our  course  and  bring  her  up  to  the  wind, 
before  we  wei-e  right  in  the  middle  of  it.  Happily  it  was  a  false  alarm  ; 
the  icebergs  {glagons)^  which  had  appeared  to  form  a  field  of  solid  ice, 
were  nothing  but  debris,  through  which  it  was  easy  to  pass.  It  is 
probable,  however,  that  they  came  from  an  ice-pack  not  far  oflT,  of  which 
a  part  had  been  detached  by  the  violence  of  the  wind.  However  that 
may  be,  we  were  able  to  extricate  ourselves  easily,  and  as  the  wind  was 
then  blowing  very  strongly  we  hove-to,  the  head  of  the  ship  being  set 
northwards.  All  day  snow  fell  incessantly.  We  saw  several  floating 
islands ;  but  by  the  evening  we  found  ourselves  quite  free. 

Jem.  28. — During  the  28th  the  wind  went  round  again  to  the  west. 
The  sky  cleared  perceptibly,  and  at  midday  we  could  take  our  latitude ; 
I  turned  our  head  southwards,  hoping  we  could  continue  our  exploration 
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of  Adflie  Land,  but  in  the  evening  an  east  wind  blew  again.    Snow   / 
began  to  fisdl  abundantly.    The  sea  was  beaten  up,  and  became  rough.* 

tTon.  29. — The  next  day,  the  wind  being  apparently  steady  in  the  | 
east|^I  thooght  I  ought  to  give  up  all  attempts  to  penetrate  further  in 
this  diieotion,  and  I  then  began  to  consider  how  to  direct  my  course  in 
the  best  possible  way  towards  the  discovery  of  the  magnetic  pole.  After 
consulting  M.  Dumoulin,  the  order  was  given  to  sail  south-west,  in 
carder  that  we  might  cross  all  the  magnetic  meridians  whose  curves 
seem  to  approach  most  nearly  those  of  the  terrestrial  meridians.  At 
midday  we  were  about  64°  48'  S.  latitude :  only  two  or  three  ice-islands 
were  in  sight.  The  sea  was  still  running  very  high,  but  the  weather 
was  fine  though  foggy,  and  our  corvettes  under  full  sail,  having  the  wind 
astern,  moved  rapidly.  At  4  o'clock  the  man  on  watch  signalled  an  ice- 
beo^  (glace)  of  immense  extent  in  front  of  us  and  not  far  ofil  Indeed, 
we  soon  saw  through  the  fog  a  long  line  of  i^,  stretching  from  south- 
east to  north-west,  and  apparently  continuous.  Accordingly  I  gave  the 
order  to  bring  her  closer  to  the  wind.  This  had  hardly  been  done,  and 
the  oflBoer  of  the  watch  was  about  to  give  the  order  to  board  the  main  tack, 
which  had  meantime  been  clewed  up  for  the  moment,  when  the  man 
on  the  watch  signalled  a  ship  running  towards  us  before  the  wind. 
Immediately  everyone  was  on  the  poop.  We  were  all  in  fad  very 
glad  to  assure  ourselves  of  the  truth  of  news  so  unexpected  in  such 
latitudes.  The  ship  was  moving  quickly,  and  it  was  already  very  near 
us  when  the  man  on  watch  had  announced  it.  Till  that  moment  it 
had  been  hidden  by  the  fog.  The  same  moment  as  we  distinguished 
her  form,  we  could  recognise  the  flag  she  had  at  once  run  up  on  seeing 
us.  It  was  an  American  brig,  and  the  national  pennant  which  floated 
at  her  mainmast  showed  that  she  was  a  man-o*-war.  As  I  have  already 
laid,  we  knew  when  we  left  Hobart  Town  that  the  American  expedition, 
which  was  composed  of  several  ships  under  command  of  Captain  Wilke8,f 
and  destined  for  a  voyage  of  circumnavigation,  was  atSydney in  December 
making  preparations  for  a  new  polar  expedition.  Therefore,  we  were 
certain  that  the  brig  we  saw  belonged  to  this  expedition ;  and  she,  on 
seeing  our  corvettes,  had  perhaps  hoped  we  were  part  of  the  American 
expedition.  However  that  may  be,  although  we  had  hoisted  our  colours 
the  ship  continued  to  come  towards  us,  and  I  hoped  that  she  intended 
to  speak  us.  In  order  to  help  her,  I  gave  the  order  to  wait  a  few 
moments  before  boarding  the  tack. 


I 


*  ThlB  oontinual  eaat  wind  in  high  latitudes  ia  yery  remarkable.    It  is  well  known 
thai,  between  the  80th  and  68th  parallels,  the  prevailing  wind  is  almost  constantly  from 
the  west.     It  Ib  not  impossible  that  beyond  this  limit  the  east  wind  becomes  more     , 
frsqueot  than  the  west.    We  do  not  yet  know  anything  of  the  meteorological  obser- 
j$tkKDM  made  in  the  same  latitudes  by  detains  Wilkes  aud  James  Boss ;  but  the  loates    i 
foOowed  by  these  nayigators  in  their  exploration  of  the  polar  regions  seem  as  if  they    i 
slMiild  lead  to  the  same  conclusions.~y.D. 

t  Gonpaie  ^Hikes'  account  of  this  meeting,  page  415. — En. 
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The  American  brig  was  soon  no  more  than  a  cable's  length 
us,  and  I  thought  her  captain  intended  to  pass  to  port  of  the  AMtroUbe^ 
and  to  remain  a  short  distance  to  leeward.    Now,  since  the  ship  under 
full  sail  had  maintained  a  great  speed  compared  with  our  own,  and 
would  rapidly  have  passed  us,  if  at  that  moment  she  had  gone  to 
windward,  I  gave  the  order  to  board  the  main  tack  in  order  that  the 
Astrolabe  might  remain  longer  alongside.    This  manoeuvre  was  probably 
misunderstood  by  the  Americans,  for  the  brig  instantly  bore  off  to  the 
south,  and  wont  away  quickly.      Afterwards,  the  reports  of  Captain 
Wilkes    which  reached  me,  in  mentioning  this   meeting,  attributed 
intentions  to  me  which  were  very  far  from  my  thoughts.    Certainly,  if 
I  had  not  wished  to  communicate  just  then  with  the  ship  which  had 
signalled  to  me,  I  should  not  have  delayed  so  long  the  boarding  the 
tack,  to  keep  off  a  little  from  the  ice-barrier  we  had  met,  as  the  fog  had 
prevented  us  from  seeing  the  way.    We  had  no  object  in  keeping  secret 
the  result  of  our  operations,  and  the  discoveries   for  which  we  had 
nearly  paid  so  heavily.      Besides,  these  are  no  longer  the  days  when 
navigators,  impelled  by  the  interests  of  commerce,  think  themselves 
obliged  to  hide  carefully  their  route  and  their  discoveries  in  order  to 
avoid  the  concurrence  of  rival  nations.    On  the  contrary,  I  should  have 
been  glad  to  give  to  our  co-explorers  the  result  of  our  researches,  in  the 
hope  that  it  would  have  been  useful  to  them,  and  enlarge  the  cirde  of 
our  geographical  knowledge.      If  I  can  believe  what  was  told  me  in 
Hobart  Town,  it  seems  that  the  Americans  were  far  from  sharing  these 
feelings.     They  have  always  maintained  the  greatest  secrecy  concerning 
their  operations  at  all  the  points  where   they  landed,  and  they  have 
refrained  from  giving  the  slightest  indication  of  the  work  whic^  they 
accomplished. 

Jan.  30. — The  snow,  which  had  fallen  ceaselessly  and  heavily  the 
evening  before,  stopped  during  the  night.  The  morning  of  the  30th 
opened  under  brighter  auspices.  The  wind  was  still  in  the  east,  and  the 
sea  rough,  with  a  swell ;  but  the  horizon  had  become  much  clearer;  at 
6  o'clock  the  man  on  the  look-out  had  sighted  the  ice-pack  to  the  south, 
and  I  brought  the  ship  to  the  wind  in  order  to  go  nearer  to  explore  it ; 
at  10  o'clock  we  were  not  more  than  three  or  four  miles  distant.  It 
appeared  prodigious.  We  saw  a  cliff  with  a  uniform  height  of  100  to 
150  feet,  forming  a  long  line  westwards.  At  several  points  narrow  slits 
seemed  to  separate  ice-islands  from  the  great  mass;  if  these  slits 
extended  sufficiently  far  down  to  entirely  isolate  the  icebergs  (glaces) 
we  saw,  they  were  larger  than  anything  we  had  ever  seen  among  floating 
ice.  From  afar,  we  saw  very  well-marked  capes  and  indentations ;  but 
all  these  irregularities  were  always  terminated  towards  the  sea  by  a 
straight  vertical  wall,  covered  at  its  base  by  smaller  pieoes  of  ice  (glapant). 
These  fragments,  rebulting  from  the  continual  beating  of  the  sea  on 
these  masses  of  ice,  prove  how  little  effect  the  waves  have  on  this 
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obstacle;  for  Botwithstaiiding  their  force  they  had  only  been  able,  with 
fheir  inoeesant  hammering,  to  tear  off  a  few  amall  pieces. 

We  spent  all  day  sailing  twenty  to  twenty-five  leagues  along  this  ice- 
coast  without  seeing  any  peak  rising  above  the  snow  plain.  The  oliffs 
along  the  shore  were  too  high  to  allow  ns  to  distingaish  the  details  of  the 
interior.  In  vain  we  scanned  carefully  all  the  contours,  trying  to 
discover  some  rock  or  sign  of  land ;  everywhere  we  beheld  nothing  but 
compact  ice,  reflecting  in  a  thousand  different  ways  the  luminous  rays 
which  fell  on  it. 

In  the  evening  we  reached  a  projecting  headland  on  this  extraordinary 
coast  Here  its  direction  seemed  to  change,  appearing  to  go  off  to  the 
8oath*weet,  and  the  clearness  we  had  noticed  in  this  direction  after  sun- 
set, showed  that  it  stretched  away  to  the  west  for  a  very  long  distance. 
At  this  point  we  finished  our  exploration.  At  6  p.m.,  before  taking  our 
course  to  the  west,  our  ships  seized  a  moment  of  shelter  under  the  ice  to 
communicate  with  one  another.  While  a  boat  from  the  Astrolabe  went 
off  to  the  ZSUe,  we  let  down  a  sounding-line  of  200  fathoms,  without 
finding  bottom.  A  thermometer  was  fastened  to  the  lead,  and  registered 
at  this  depth  one  degree  less  than  on  the  surface.  M.  Dumoulin  ex- 
pected to  have  found  an  increase  rather  thsn  a  fall  in  temperature,  the 
water  at  the  surface  being  at  zero.  He  attributed  this  result  to  the  fact 
of  our  being  too  near  to  the  ice  (glacea).  For  my  part,  I  willingly 
accept  his  view — namely,  that  when  the  water  at  the  surface  is  at  zero, 
one  would  expect  to  find  an  increase  of  temperature  in  soundings  of 
great  depth. 

Thus,  for  more  than  12  hours  we  had  sailed  along  this  ice-wall,  \ 
which  was   perfectly  vertical  at  the  edge  and  horizontal  at  the  top.  \ 
Not  the  smallest  irregularity,  not  the  slightest  eminence,  broke  this  j 
uniformity  in  the  course  of  the  20  leagues  which  were  made  that  day, 
although  we  sometimes  sailed  at  a  distance  of  two  or  three  miles  out,  in 
order  to  note  the  slightest  irregularities.     Several  largo  icebergs  (glacet) 
lay  along  the  icy  coast,  but  in  general  the  sea  was  almost  free  in  the 
open. 

As  to  the  nature  of  this  enormous  wall,  opinions  were  once  more 
divided,  as  when  we  had  sighted  Ad^lie  Land ;  some  holding  that  this 
was  a  mass  of  compact  ice  independent  of  all  land,  and  others,  of  which 
I  am  one,  maintained  that  this  formidable  belt  was  at  least  an  envelope, 
a  crust,  covering  a  solid  base,  either  of  land,  of  rock,  or  even  of  scattered 
shoals  round  a  vast  land.  This  view  I  base  on  the  principle  that  no  ice 
of  great  extent  can  be  formed  in  the  open  sea,  and  that  it  must  always 
have  a  solid  point  of  support  to  allow  of  it  being  formed  while  stationary. 
Thus,  in  the  Arctic  polar  regions  one  sees  in  winter  great  stretches  of 
ooast  entirely  buried  under  thick  layers  of  ice.  Even  in  the  northern 
parts  of  France  one  sees  after  heavy  falls  of  snow  followed  by  sharp 
frost  the  inequalities  of  the  soil  become  gradually  obliterated,  and  often 
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completely  hidden  imder  the  layers  of  snow  wliicli  coyer  them*  On  iiuB 
hypothesis,  however,  I  acknowledge  that  it  ia  difSotilt  to  explain  the 
perfect  uniformity  of  the  ice-layers  which  formed  our  great  wall ;  I  am 
reluctant  to  admit  that  such  gigantic  masses  are  the  product  of  a  single 
year,  and  if  not,  one  ought  to  distinguish  the  deposition  of  snooeBsiye 
years  by  layers  more  or  less  horizontally  inclined.  However  ttiis  may 
be,  at  10  p.m.  I  gave  the  order  to  sail  south-west,  after  having  bestowed 
the  name  of  Clarie  Coast  on  the  barrier  of  ice  we  had  just  been 
exploring. 

Jan.  31. — ^Tbe  next  day,  the  31st,  I  expected  to  find  once  more  our 
ice-wall,  but  at  3  a.m.,  although  I  had  gone  to  the  south  during  the 
night,  we  saw  in  its  place  only  a  formidable  chain  of  floating  islands. 
We  noticed  at  the  same  time,  in  the  south-west,  that  well-marked 
clearness  which  appears  at  twilight  above  ioe-fields.  Soon  after,  indeed, 
we  saw  in  this  direction  an  ice-pack  which  stretched  to  the  west  and 
north-west,  as  far  as  tbe  eye  could  see,  seeming  to  form  a  g^reat  gulf 
round  us.  This  pack  resembled  all  those  we  had  already  seen.  It  was 
flanked  by  immense  ice-islands,  bound  together  by  a  layer  of  small  blocks 
of  ice  (^Zap otw),  less  thick,  but  yet  offering  an  insurmountable  obstacle 
to  our  ships.  We  had  then  reached  128°  long.  The  variation,  fiom 
being  north-east,  had  become  north-west  and  very  marked.  Thus,  during 
those  tempestuous  days,  we  had  passed  the  meridian  where  the  declina- 
tion is  nought  MM.  Dumoulin  and  Ooupvent  believed  they  had  gathered 
sufBcient  data  to  determine  the  position  of  the  south  magnetic  pole. 
Nevertheless  they  still  wished  to  observe  the  declination  with  the  ship 
heading  in  every  direction,  and  once  more  to  take  magnetic  observationB 
on  a  floating  iceberg  (glagon).  Consequently  I  spent  all  day  looking 
for  a  suitable  iceberg  on  which  to  land  these  officers.  At  midday  I 
thought  I  had  succeeded.  I  sighted  an  ice-island  horizontally  inclined, 
on  which  it  seemed  possible  to  land ;  the  whale-boat  was  lowered,  but 
on  approaching  it  our  men  realised  the  impossibility  of  climbing  up  it. 
The  sea  broke  against  it  with  force,  and  the  spray  rose  more  than  five 
metres  high.  Also,  the  horizontal  part  was  formed  of  a  layer  of 
extremely  smooth  and  slippery  ice. 

Feb.  1. — The  next  day  opened  under  conditions  which  were  more 
favourable  to  our  operations.  It  was  almost  a  calm,  and  the  swell  was 
very  gentle  for  these  latitudes,  which  are  constantly  lashed  by  storms. 
Several  ice-islands  were  in  sight,  and  seemed  to  our  physicists  to  offer 
better  opportunities  than  those  of  the  evening  before.  One  of  them 
especially  showed  a  vast  plateau,  but  slightly  raised  above  the  level  of 
the  sea.  At  8  a.m.  the  whale  boat,  with  the  physical  instruments  on 
board,  attempted  to  come  up  alongside  of  it  to  leeward,  while  the 
corvettes  made  short  tacks  in  order  not  to  drift  away.  For  a  moment  I 
hoped  to  have  attained  the  object  I  had  been  pursuing  for  the  last  two 
days,  but  soon  I  saw  the  boat,  having  made  the  drouit  of  the  first  ice 
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ifllAnd.  make  for  a  second,  whioh  was  smaller  and  oonseqnently  muoh  less 
steady.  MM.  Dumoulin  and  Coupvent  soon  returned  on  board,  and  re- 
ported to  me  that  the  base  of  the  first  iceberg  (glace)  they  had  visited 
was  incessantly  washed  by  the  waves,  which,  after  breaking  in  the 
oavems  they  had  hollowed  out  of  the  mountaius,  fell  back  with  a  crash 
into  the  sea,  thus  forming  large  cascades,  of  which  we  saw  nothing  from 
the  ship.  As  to  the  second  iceberg  (glagon)  to  which  they  had  gone,  it 
was  so  shaken  by  the  swell  that  it  would  have  been  impossible  to  make 
any  observation  on  it,  and  indeed  the  boat  would  infallibly  have  been 
oapsiaed  if  she  had  gone  alongside. 

I  then  had  once  more  to  give  up  hope  of  making  the  magnetic  obser- 
vations which  presented  so  many  difficulties.  I  devoted  the  rest  of  the 
day  to  turning  the  ship  rotmd  on  herself  in  all  directions,  while  simul- 
taneous observations  of  declination  were  made  fore  and  aft.  This  opera- 
tion, which  I  should  like  to  have  repeated  later,  was  then  quite  easy,  for 
the  azimuth  of  any  one  of  the  ice-islands  in  sight  could  be  determined 
at  any  moment.  The  results  were  very  strange,  showing  differences  of 
nearly  12  degrees  in  the  various  declinations  obtained  under  opposite 
heads  (caps),  I  still  kept  a  look-out  all  day  for  an  iceberg  on  our  course 
which  would  allow  of  another  attempt  at  landing ;  but  in  vain. 

I  considered  then  tiiat  our  task  was  fulfilled.  The  Astrolabe  and  the 
ZtUe  could  retire  from  the  arena,  having  furnished  for  their  part  a  con- 
siderable quota  to  geography  and  physics.  Of  course  it  would  not  have 
been  impossible  to  push  on  further  west,  and  trace  out  a  greater  extent  of 
the  ioe-paok,  or  perhaps  even  find  land  again.  For  I  believe  that  the 
greater  part  of  the  polar  circle  is  surrounded  by  land,  and  that  in  the 
end  it  will  be  found  by  some  navigator  sufficiently  fortunate  and  bold 
to  break  through  the  masses  of  accumulated  ice  which  ordinarily  sur* 
roimd  it;  unless,  indeed,  some  obstinate  and  insurmountable  ice-pack 
shoold  firustrate  his  efforts ;  but  I  considered  the  condition  of  the  crews, 
especially  that  of  the  ZSUe,  which  was  much  more  serious  than  that  of 
the  AMUvUbe.  I  felt  it  would  be  cruel  to  abuse  their  courage,  and  the 
oonlldenoe  they  had  shown  in  following  me  thus  fiebr  without  a  murmur. 
I  xefleoted  that  any  important  work  and  a  long  voyage  would  make  de- 
mands on  their  strength  and  bravery  for  at  least  eight  months ;  finally,  I 
may  as  well  confess,  I  was  myself  very  tired  of  the  rough  time  I  had  been 
going  thiongh,  and  I  much  doubt  if  I  could  have  borne  it  much  longer* 

During  this  short,  but  hard  and  perilous  voyage,  all  the  officers  and 
men  of  the  two  corvettes  had,  without  exception,  done  their  duty 
perfidotly,  and  I  had  nothing  but  praise  for  their  conduct.  In  the  evening 
of  F^bmary  1, 1840,  in  S.  lat.  65''  20'  and  E.  long.  ISO''  21',  we  bade  a  final 
adieu  to  these  wild  regions,  and  I  set  the  ships'  heads  north  to  make 
HobartTown.* 

*  I  have  taken  a  great  part  of  this  ohapter  from  the  report  addrened  by  M.  D'UtTitle 
Id  Ihs  Minister  of  Hevine,  dated  Veh.  19, 18M.    The  Joaraal  kept  hj  the  ohief  of  the 
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I  had  determined  to  put  in  there  a  second  time,  in  order  to  procure  a 
few  days*  rest  and  refreshment  for  our  men  before  leading  them  on  to 
fresh  effort.  Certainly  they  had  well  deserved  this  small  treat,  for  it 
would  have  been  impossible  to  show  more  courage,  resignation,  and  even 
selfHsaorifice  and  scorn  of  death,  than  they  had  exhibited  at  the  most 
critical  moments.  Besides,  this  determination  could  in  no  way  upset 
my  plans  for  the  future,  for  it  was  necessary  in  any  case  for  one  of  the 
corvettes  to  go  to  Hobart  Town  to  take  up  our  sick,  while  the  other 
would  have  to  wait  for  her  at  one  of  the  ports  of  New  Zealand. 

For  several  days  winds  from  east  and  north-east  continued  to  thwart 
us  by  blowing  very  unsteadily  and  raisingiUgh  seas,  which  tried  us 
cruelly. 

Feb.  4. — On  February  4th  a  thick  fog  enveloped  us ;  however  near 
we  kept  to  each  other,  it  was  impossible  to  distinguish  the  ZiUe,  The 
sound  of  the  bell  and  frequent  cannon  shots  helped  us  to  prevent 
drifting  apart. 

Feb.  6.— On  the  6th  we  had  reached  the  58th  paralleL  Till  then 
we  had  always  seen  several  floating  ice-islands  of  strange  form,  showing 
plainly  that  they  had  been  a  long  time  in  the  sea,  where  they  were  with 
difficulty  resisting  the  action  of  the  waves.  That  morning  we  still  saw 
three  or  four,  but  after  that  they  became  more  and  more  rare.  At  the 
same  time  the  wind,  which  had  blown  pretty  steadily  from  the  south- 
east, suddenly  fell. 

expedition  during  this  time  oonsists  as  usual  of  a  narrative  of  the  principal  facts  whioh 
came  under  his  eyes,  without  mentioning  the  seryices  specially  performed  by  each 
officer.  If  M.  D'Urville  had  been  able  to  write  out  this  part  of  his  work,  he  would 
have  mentioned  in  detail  these  services  in  their  order  and  place.  I  feel  it  therefore  my 
duty  to  reproduce  here  the  portion  of  M.  D'Urville's  report  in  which  he  expreeses  to 
the  Minister  of  Marine  his  satisfaction  with  the  behaviour  and  zeal  of  his  sfcAfEl  The 
paragraph  runs  thus : 

*'  I  must  here  make  particular  mention  of  the  names  of  those  men  who,  staunch  to 
their  orders,  have  never  ceased  to  show  me  the  most  absolute  devotion,  and  the  most 
honourable  confidence,  combined  with  the  most  enduring  enthusiasm  for  the  glorious 
work  they  were  called  to  share.  Their  loyal  co-operation  and  the  certainty  of  earning 
at  least  their  approbation  have  alone  enabled  me  to  rise  above  many  disappointments, 
to  persevere  in  my  plans,  and  finally  to  take  upon  myself  the  terrible  chances  of  my  last 
effort  towards  the  pole." 

Then  follows  the  list  of  officers  for  whom  he  asked  rewards.  Finally  the  report, 
which  can  be  found  in  entirety  among  the  justificatory  extracts  contained  in  the 
10th  volume,  ends  as  follows : 

**  I  have  considered  myself  justified*  Sir,  in  promising  to  the  crews,  after  our  last 
efibrts  and  success,  and  above  all  on  account  of  their  excellent  conduct,  that  the  prize- 
money  promised  them  would  be  paid.  I  feel  persuaded  that  you  will  acquit  me  of  my 
promise.  I  am  even  persuaded  that  if  a  legislative  measure  were  necessary  yon  would 
not  hesitate  to  propose  it  to  the  Chambers,  who  would  doubtless  pass  it  eagerly.  Who 
knows  even  if  the  Chambers,  astonished  at  the  moderation  of  the  amount,  inight  not 
propose  to  raise  it  to  a  sum  more  worthy  of  a  great  nation  ?  Indeed,  what  is  it  to  a 
government  like  that  of  France,  to  divide  a  miserable  sum  of  12,000  to  15,000  fianos 
among  130  men,  as  remuneration  fbr  so  much  fittigue,  privation  and  misery?"  (This 
pri»-money  has  been  awarded.) — V.  D. 


THE  JOURNAL  0^  U.  J.  DUMONT.D*QRVILL£.  463 

Feb,  7. — ^The  next  day  the  weather  was  oloady ;  soon  we  felt  a  slight 
Tist  from,  the  north-west,  and  a  fine  rain  fell,  mingled  with  snow,  which 
lelted  on  reaching  the  deck. 

At  9  pjn.  we  were  all  summoned  to  the  deck  by  one  of  those 
lagnifioent  sights  so  common  in  high  northern  latitudes :  I  allude  to 
be  aurora,  the  luminous  rays  of  which  suddenly  light  up  the  sky  during 
be  long  winter  nights.  In  the  evening  the  sky  had  cleared,  but  all  the 
orison  had  remained  enveloped  in  a  band  of  fog,  which  hid  all  stars 
xoept  those  near  the  zenith.  Shortly  afterwards  the  east  wind,  which 
ad  been  blowing  strongly  all  day,  bringing  up  much  rain,  suddenly 
ropped,  and  at  the  same  time  the  sky  was  lighted  up  by  a  new  light 
ike  that  of  the  moon,  and  variable  in  intensity.  Pencil  rays,  broad 
eloWy  thinning  off  above,  seemed  to  converge  to  the  same  point,  about 
ve  or  six  degrees  north  of  our  zenith.  All  these  rays,  developed  en 
Mr,  one  above  the  other,  seemed  to  preserve  a  great  mobility;  their 
•se  did  not  rest  on  the  horizon,  and  the  bank  of  fog  I  have  mentioned 
orevented  us  also  from  following  them  down  to  the  level  of  the  sea.  At 
0  p.m.  these  luminous  rays  formed  a  perfectly  spherical  cap;  at  this 
Qoment  the  spectacle  was  at  its  best,  but  this  did  not  last  long,  and  the 
ays  were  only  partially  visible,  embracing  a  more  or  less  broad  space, 
put  never  again  forming  a  complete  cap.  It  was  above  all  in  the  souih- 
ast  and  north-west  that  it  was  most  brilliant.  We  noticed  no  sudden 
tziation  in  the  needles  of  our  compasses.  M.  Dumoulin  tried  in  vain  to 
oake  some  magnetic  experiments.  The  sea  was  very  rough ;  the  ship, 
LOt  being  steadied  by  the  wind,  kept  turning  about,  and  the  rolling  did 
lot  allow  any  observations  to  be  made. 

Feb.  9. — ^During  the  two  following  nights  part  of  the  sky  was  lighted 
»y  similar  auroras,  but  the  phenomenon  was  never  so  striking  as  on  the 
light  of  the  7th.  Afterwards  the  wind  veered  to  WJN.W.,  and  we  saw 
10  more  of  it. 

On  the  17th  we  reached  the  entrance  of  the  Bay  of  TempestSi  and 
hat  day  we  again  dropped  anchor  in  the  roads  of  Hobart  Town.  We 
lad  already  enquired  of  the  pilot  concerning  the  condition  of  the  sick 
nen  we  had  left  on  land ;  he  said  he  had  heard  that  several  of  them 
rere  dead,  but  he  could  give  us  no  further  details,  which  made  us  very 
nxiouB.  We  were,  therefore,  impatient  to  see  one  of  our  own  men,  to 
Bam  positively  how  many  more  victims  we  had  to  deplore.  However, 
con,  M.  Hombron,  who  had  recognised  our  ships,  hastened  on  board ;  he 
aformed  me  that  during  our  absence  three  men  had  succumbed.  The 
Idrolabe  had  to  mourn  one  named  Bernard,  a  young  and  interesting 
lilor,  of  gentle  and  polite  manners,  in  the  highest  degree  zealous  and 
evoted.  I  was  not  unprepared  for  this  loss,  for  at  the  moment  of  our 
eparture  this  unfortunate  man  had  been  seized  by  dropsy  supervening 
n  dysentry,  and  was  almost  beyond  hope.  More  unfortunate  still,  the 
'M$  had  lost  a  good  sailor  named  Beandoin,  and  her  master  carpenter, 
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Coutelenq.  **  We  had  left  the  latter,"  says  M.  Dubouzet,  **  in  an  almost 
desperate  oondition.  But  his  death  was  a  great  grief  to  me.  He  was 
an  excellent  servant,  and  a  very  clever  man  in  his  profession.  I  esteemed 
him  highly ;  I  had  already  sailed  with  him  before,  and  he  had  given 
proof  of  a  consummate  skill  under  difficult  circumstances.  I  had  always 
considered  him  capable  of  building  us  a  ship  in  the  event  of  our  being 
cast  on  one  of  the  isolated  islands  of  Oceania.  In  a  word,  he  combined 
all  the  qualities  necessary  for  such  a  voyage  as  ours.  Beaudoin  was 
the  last  of  the  three  volunteers  from  the  Artanej  who  had  embarked  on 
board  the  ZdSe  at  Valparaiso  ;  all  three  had  succumbed,  one  after  the 
other,  during  the  voyage,  which  they  had  entered  upon  of  their  own 
free  will." 

All  the  others  were  convalescent,  and  ready,  added  M.  Hombron,  to 
go  to  sea.  M.  Demas  had  quite  recovered.  For  several  days .  he  had 
been  able  to  take  exercise  on  the  promenade,  and  at  the  actual  moment 
of  our  arrival  he  had  gone  to  visit  Port  Arthur.  But  unfortunately 
the  ZSl4e  had  returned  to  Hobart  Town  bringing  two  men  whose  lives 
were  in  serious  danger,  and  in  all  probability  the  unfortunate  men 
would  never  recover  their  health. 

M.  Hombron  informed  me  also  that  during  our  absence  the  roadstead 
of  Hobart  Town  had  been  often  visited  by  French  whalers.  Eleven 
and  twelve  had  been  counted  at  one  time  at  anchor  in  the  harbour, 
and  among  the  ships  round  us  we  could  then  count  three  flying  our 
colours. 


466 


Exploration  of  Antarctic  Lands.* 

By  Henrtk  Ar^towski. 

On  Friday,  January  14,  1S98,  the  Bdgica  left  St.  John  harbour  in  the 
morning,  and  obtained  a  sounding  near  the  shore  giving  a  depth  of 
162  fathoms;  a  second  sounding  later  in  the  day  gave  a  depth  of 
855  &thoms.  Next  day  we  lost  sight  of  Staten  island,  and  obtained  a 
soanding  of  2209  fathoms.  This  was  our  first  discovery — an  unknown 
depression  lying  close  to  the  extremity  of  the  Andes,  the  steep  slope  of 
the  mountains  being  evidently  continued  under  the  sea.  The  pro- 
longation of  the  great  mountain  chain  is  to  be  looked  for  to  the  east  of 
Staten  island,  which  forms  the  last  fragment  of  the  Andes  ;  but  in  that 
ease,  what  can  we  make  of  the  Diego  Bamirez  islands  south-west  of 
Cape  Horn  ?  The  latitude  at  which  we  had  found  the  deep  sounding 
was  within  a  few  minutes  of  that  of  the  Cape,  the  exact  position  being 
55""  51'  S.  and  63""  19'  W.  One  is  led  to  speculate  as  to  whether  the 
ohain  of  the  Andes  does  not  open  out  like  a  fan,  as  so  many  other 
mountain  chains  do.f 

On  January  19,  Oommandant  de  Gerlache  pointed  out  the  ice-blink  in 
the  south.  The  sky  was  uniformly  covered  with  a  thin  layer  of  stratus, 
and  just  at  the  horizon  a  white  line  appeared  like  a  longitudinal  slit, 
detaching  itself  by  its  brightness  from  the  grey  of  the  sky.  It  was 
discontinuous,  a  little  undulated,  not  rising  more  than  from  10'  to  25' 
above  the  horizon.  At  8  p.m.  Lecointe  reported  the  first  iceberg, 
which  appeared  like  a  dome  rising  sharply  out  of  the  sea  at  a  distance 
of  about  10  miles.  The  soundings  had  given  depths  of  2105,  2078,  and 
that  morning  2018  fathoms ;  the  depth  was  thus  diminishing  towards 
the  south. 

On  the  20th  we  sounded  in  62"  2'  S.  with  a  depth  of  1586  fathoms, 
and  at  4  p.m.  land  was  sighted  on  the  horizon,  and  the  depth  in  62^  11'  S. 
found  to  be  1028  fathoms.     Thus  the  bed  of  the  ocean  was  rising 


*  Personal  narratiye  of  the  twenty  landings  on  the  lands  discovered  by  the  Belgian 
Aoteietie  Expedition. 

t  Ar^towaki,  *The  Bathymetrical  Conditions  of  the  Antarctic  Regions'  (Geogr. 
Jcmr.t  July,  1899) ;  and  Arytowski,  *  Obaeryations  sur  rintdr€t  que  preueute  rezploru- 
ioQ  g!6ologiqiia  des  terras  australes '  {BuU.  Soe,  Geol.  de  France,  1895,  p.  589). 
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fairly  Bteeply  when  near  shore.  At  6  p.m.  we  were  able  to  make  ont  high 
mountainB,  the  sammita  standing  ont  blaok  against  the  sky,  and  the 
gentler  slopeti  covered  with  snow ;  these  wore  the  South  Shetlands,  di»- 
coTered  by  Dirk  Gerritsz  in  1599,  and  re^isoovered  by  William  Smith  in 
1819.  At  9  p.m.  the  profile  of  the  land  was  so  clearly  visible  that  by 
means  of  a  field-glasa  I  was  able  to  make  a  sketch  of  LivingHt^me  ialaod. 
Smith  island,  whioh  was  visible  to  the  right   of  Livingstone  island. 


plnnged  almost  perpendicularly  to  the  sea  ;  it  appeared  to  be  a  ronnd^ 
mass  cut  here  and  there  into  clifis.  We  had  to  pass  between  these  two 
iKlands.  A  Iar|;e  iceberg  appeared  in  the  south-sonth-east,  and  others 
lay  off  the  islands ;  at  eleven  o'clock  we  parsed  some  pieces  of  floating 
ice,  and  saw  more  towards  the  south,  and  then  a  little  fog,  accompanied 
by  fine  rain,  shut  out  Ihe  viow. 

On  Friday,  January  21,  while  we  were  at  breakfast,  a  little  after 
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eight  o'olook,  we  felt  a  sudden  shook,  which  seemed  to  lift  the  ship  twice ; 
lushing  on  deck,  we  found  that  a  thick  fog  made  it  impossible  to  see 
any  distance,  but  on  the  starboad  side  there  was  a  large  mass  of  ice, 
here  and  there  vague  forms  of  icebergs  loomed  up  ahead,  and  quite  close 
to  us  we  saw  the  rock  on  which  the  ship  was  fast.  The  fog  lifting  a 
little,  let  us  see  that  we  were'  surrounded  by  rocks.  Some  of  the  large 
blocks  of  ice  were  aground,  others  afloat.  On  deck  no  one  spoke ;  nothing 
was  to  be  heard,  although  the  weather  was  calm,  but  the  roar  of  the 
breakers  on  the  rocks  and  the  cracking  of  the  ice.  The  engine  went 
iiBtem«  and  after  a  few  moments  we  were  a€oat  again.  Splinters  of  wood 
torn  from  the  keel  rose  to  the  surface,  and  helped  us  to  realise  the  gravity 
of  the  danger  we  had  escaped. 

The  splendid  spectcusle  of  the  icebergs,  however,  made  us  forget  all 
else.  One  of  these  was  like  a  tower  out  out  of  a  great  block  of  sugar ; 
another,  a  mountainous  island,  with  a  bay  in  which  the  billows  broke 
in  foam;  yet  these  were  mere  fragments  of  icebergs,  broken  and  of 
fantastic  outline. 

At  eleven  o'clock  more  ice  appeared,  and  also  more  rocks,  which  gave 
an  anxious  time  to  Lecointe,  who  was  on  watch.  The  fog  lifted  about 
noon,  and  for  a  few  minutes  we  could  see  a  low  land  covered  with  great 
fields  of  snow,  which  terminated  in  the  sea  as  perpendicular  cliffs  of  ice ; 
this  was  probably  Snow  island.  Other  lan^l  could  be  seen  further  to 
the  east,  with  summits  bare  of  snow.  Several  large  bare  rocks  rose 
abruptly  in  front. 

On  Saturday,  January  22,  the  number  of  the  ship's  company  was 
unhappily  reduced  to  eighteen,  poor  Wiencke  being  carried  overboard 
by  a  wave  and  drowned.  It  was  terrible  to  be  quite  near  a  man  who 
was  fighting  with  death,  and  yet  to  be  unable  to  help  him.  All  our 
effiirts  were  in  vain ;  twice  he  was  almost  saved,  but  Fate  willed 
otherwise. 

Bad  weather  commenced  at  night ;  all  day  the  wind  had  been  blowing 
in  heavy  squalls,  and  the  sea  was  rough.  The  fog  continued,  and  in 
the  afternoon  snow  began  to'  fall.  Since  morning  icebergs  had  always 
been  in  sight,  looming  up  vaguely  through  the  fog,  or  appearing  in  all 
their  splendour  during  the  short  clear  intervals.  Many  of  them  were 
tabular ;  complicated  forms  were  less  common,  for  they  bad  come  from 
no  great  distance,  doubtless  originating  in  the  land  which  was  in  sight. 
The  ship  had  at^length  to  be  laid-to,  and,  the  gale  increasing  still  further, 
it  was  necessary  to  seek  the  shelter  of  an  island,  which  no  doubt  was 
Low  island.  At  6  p.m.  the  weather  cleared,  and  allowed  us  to  see  the 
island,  which  is  extensive  and  surrounded  by  large  bare  rocks,  but 
itself  completely  covered  with  a  thick  mantle  of  ice  and  snow,  which 
hides  all  irregularities  under  a  uniform  surface,  and  descends  to  the 
sea  in  perpendicular  cliffs  of  ice.  Bird-life  was  very  abundant  in  the 
"rookeries"  which  we  saw  round   the  island,  full  of  penguins,  and 
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lending  a  strong  odour  of  guano  to  the  breeze.  We  resumed  our  way, 
and  the  island  dropped  out  of  sight. 

On  Sunday,  January  23,  the  sky  cleared  at  last,  the  clouds  parted, 
the  sun  shone,  and  our  radius  of  vision  gradually  extended.  We  were 
to  the  west  of  Low  island,  which  we  oould  now  see  muoh  more  olearly. 
It  seemed  to  be  low  and  entirely  surrounded  by  huge  rocks  and  abrupt 
islands  quite  free  from  snow.  The  air  was  poisoned  by  the  smell  of 
guano.  M.  de  Gerlache  changed  the  course  to  eastHBOuth-east,  in  order 
to  enter  Hughes  gulf,  and  we  passed  again  some  icebergs  seen  on  the 
previous  night.  One  of  these  was  particularly  fine  and  characteristic, 
with  a  height  of  130  feet  and  a  length  of  250  yards.  I  made  two 
drawings  of  this  berg  from  different  sides.  These  represent  it  as  a 
plateau  bordered  by  cli£G3  and  topped  by  a  mound.  On  one  side  one 
could  see  that  the  simmiit  was  composed  of  thin  layers  of  snow,  perfectly 
parallel  and  horizontaL  The  colour  of  the  ice  at  the  base  was  a  very 
pale  greenish  blue,  but  the  blue  was  intense  in  a  larg^e  hollow — a  verit- 
able azure  grotto.    Position  at  noon,  63*'  28'  30"  S.,  long.  62''  13'  W. 

On  leaving  the  island  the  floating  ice  was  gradually  left  behind,  the 
weather  again  became  squally  with  fog  and  rain,  and  about  3  p.m.  more 
ice  appeared  again;  generally  in  a  tabular  form,  but  sometimes  ac 
isolated  peaks  or  as  tables  dipping  to  one  side,  in  which  case  the  lines  oi 
stratification  remained  parallel  to  the  surface  of  the  berg.  The  weathei 
gradually  cleared,  and  land  was  sighted,  at  first  a  series  of  islands  and 
rocks,  and  then  a  more  extensive  coast.  At  7  p.m.  we  passed  close  to  a 
headland,  which  very  probably  was  Cape  Cockbum,  but  as  we  went  on 
the  charts  became  valueless ;  what  we  saw  corresponded  to  nothing  that 
they  represented,  and  Lecointe  proceeded  to  take  bearings  at  frequent 
intervals,  which  allowed  him  to  construct  an  approximate  chart.  At 
10  p.m.  land  seemed  to  block  further  advance  towards  the  south;  high 
mountains  appeared  on  the  horizon,  and  islets  and  rocks  were  scattered 
over  the  great  bay  at  whose  entrance  we  had  arrived.  Many  places 
were  clear  of  snow,  and  numerous  peaks  projected  above  the  ice-sheet, 
bo  that  it  would  be  possible  to  study  the  geology.  At  lO.SO^we  were 
close  to  an  island,  and  de  Gerlache,  Baoovitza,  Cook  and  I  got  into  a 
boat  and  made  our  first  landing  in  the  Antarctic  regions  (see  Fig.  2, 1). 
A  considerable  part  of  the  island  was  uncovered.  The  upper  part  was 
like  a  lava-flow  of  prismatic  structure ;  lower  down  the  rock  was  com- 
pletely cracked,  and  seems  to  decompose  in  lai^e  superimposed  blocks 
with  straight  surfaces.  It  is  an  eruptive  rock  of  great  density,  very  hard 
and  brittle,  and  rings  on  a  blow  with  the  hammer.  It  is  not  basalt,  but 
of  granitic  structure  and  very  fine-drained ;  its  colour  is  a  very  deep 
green,  and  I  thought  that  I  saw  small  crystals  of  hornblende— if  so,  the 
rock  is  a  diorite.  I  had  no  time  to  examine  the  snow,  as  it  grew  dark, 
and  we  had  to  return  on  board. 

Monday,  January  24,  was  a  day  of  discoveries,  and  it  is  impossible 
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to  pnt  down  here  all  that  I  saw,  or  even  everythmg  whioh  stniok  me  as 
of  Bpedal  intereet.  Daring  the  night  the  Belgiea  had  to  be  manaeiivred 
to  avoid  ioebei^;B,  and  to  prevent  being  driven  on  shore  by  the  wind. 
In  the  morning  it  was  neceesaiy  also  to  go  ont  of  onr  way  a  little  in 
ctder  to  zeoi^DiM  onr  bearings  of  the  night  before,  and  to  find  the  islet 
on  vhioh  we  had  made  onr  first  landing.    In  paaaing  olose  to  an  island 


whioh  was  almost  free  from  snow,  Bacovitza,  Danco,  Amnndsen  and  I 
got  a  bo&t  oat  and  landed  for  the  second  time  (II  on  map,  Fig.  2).  It 
was  a  small,  narrow  island,  no  more  than  100  feet  high,  and  appeared 
to  be  anrromtded  b;  a  close  colonnade  on  aoconnt  of  the  regular  vertical 
oiaeb  in  the  rock,  which  were  donbtless  produced  by  extreme  ould. 
The  anrfaoe  was  frequently  ,mammilated  and  worn  smooth  by  the 
toe.    A  little  sandy  day  mixed  with  gnano  was  fonnd  in  small  pockets 
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between  the  rocks,  and  while  examining  this  clay  I  had  the  pleaBore  of 
discovering  the  first  Antarctic  insect,  almost  microscopic  in  its  dimen- 
sions. 

In  the  afternoon  a  breeze  sprang  up  suddenly,  and  the  sky  gradually 
cleared ;  but  the  fog  descended  on  us  again  with  equal  suddenness,  just 
as  it  does  on  mountains  above  the  cloud-level.  Every  now  and  again 
a  momentary  clearing  revealed  a  beautiful  picture  of  mountain  peaks, 
the  bases  of  which  were  covered,  of  great  glaciers  losing  themselves  in 
the  clouds,  or  of  fantastic  icebergs,  everything  appearing  larger  than 
nature  because  there  was  no  perspective,  and  the  fine  pictures  them- 
selves were  vaguely  framed  in  cloud.  The  light,  however,  was  abundant, 
the  low  clouds  which  sometimes  touched  the  sea  were  white  and  even 
brilliant,  and  sometimes  a  beam  of  sunlight  threw  a  sparkling  lustre  on 
the  ice,  or  on  the  great  snow-fields,  or  on  the  sea. 

The  silence  which  brooded  over  this  unknown  world  was  singularly 
impressive,  but  occasionally  a  mountain  of  ice  would  collapse  with  a 
thundering  crash.  One  oould  hardly  believe  one's  eyes  when  these 
changes  in  the  f&iry-like  scene  occurred,  were  it  not  for  the  dull 
rumbling  growl  of  the  disrupted  glaciers.  In  fact,  this  realm  of  eternal 
ice  is  so  different  from  anything  one  had  seen  that  it  appeared  another 
world  altogether ;  in  sober  truth,  I  do  not  believe  that  in  any  fable  the 
human  imagination  has  described  what  we  have  seen  there. 

From  the  point  of  view  of  astronomical  observations  Leoointe  has 
been  unfortunate,  as  the  sun  had  rarely  shown  itself,  and  he  had  only 
been  able  to  fix  the  latitude  (64^  9'  at  noon).  He  kept  up  a  continuous 
survey  of  the  coast  as  we  passed  near  the  shore,  and  so  succeeded  in 
making  a  chart  of  Hughes  gulf.  The  only  maps  which  we  possessed — 
and  they  are  all  that  exist — were  the  British  Admiralty  chart.  No.  1238, 
and  Friedericb sen's  map.  The  general  result  of  the  day's  work  had 
been  the  discovery  of  an  elevated  land  where  Friederichsen's  map  bore 
the  inscription,  "  No  land  in  sight  (Larsen)."  Towards  the  east  and 
south  an  uninterrupted  coast-line  stretched  as  far  a)3  the  eye  could  reach, 
but  in  the  south-west  a  large  strait  opened  into  the  gulf,  and  this  it  was 
necessary  to  explore.  The  land  in  the  north-west  was  also  divided  by 
a  channel,  towards  which  the  commandant  first  directed  the  ship.  The 
large  bay  which  we  had  coasted  during  the  afternoon  was  very  free  from 
ioe,  although  as  we  went  further  into  the  bay  the  number  of  bergs 
increased,  but  still  the  Belgica  had  no  difficulty  in  approaching  close  to 
the  shore.  At  the  head  of  the  bay  my  attention  was  particularly  drawn 
to  the  floating  ice.  Several  of  the  numerous  icebergs  were  of  quite 
respectable  dimensions;  their  form  varied  considerably,  but  usually 
more  or  less  tabular ;  one  of  the  bergs  was  pierced,  forming  a  floating 
triumphal  arch.  The  stratification  of  the  ice  was  rarely  noticed,  "but 
in  diffused  light  it  is  not  easy  to  make  out  the  difference  between  the 
alternate  layers  of  blue  and  white  ice ;  stilj,  in  the  upper  part  of  the 
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walls  tbe  stratification  of  tlie  nSvS  was  often  seen.  The  blue  colour  of 
the  hollows  in  the  ice  was  more  intense  as  the  light  was  stronger. 
Each  berg  was  surrounded  by  a  wide  horizontal  groove  formed  by  the 
waTes  at  the  level  of  the  sea,  and  one  could  often  see  the  grooves  of 
former  levels,  which  showed  that  the  position  of  equilibrium  had 
changed,  and  one  little  iceberg  to  which  we  were  very  close  showed 
two  such  lines  which  crossed  each  other.  The  surface  of  the  ice 
reflected  so  much  light  that  Cook  was  able  to  take  instantaneous  photo- 
graphs of  the  floating  ice  down  to  the  moment  of  sunset,  and  even  a 
little  later;  they  were  rather  faint,  it  is  true,  but  the  outlines  were 
quite  olear.  It  was  very  difficult  to  judge  distances,  one  piece  of  snow- 
oovered  laud  lying  in  front  of  another  appearing  to  be  part  of  it,  and 
thus  it  was  necessary  to  follow  the  coast  very  closely  in  order  to  distin- 
guish islands  from  peninsulas. 

The  quantity  of  snow  which  has  been  accumulated  in  this  region  is 
really  formidable.  The  westerly  and  northerly  winds  coming  from  the 
ocean  doubtless  bring  great  falls  of  snow,  and  this  is  always  accumulat- 
ing, mountains  of  ice  being  reared  on  the  top  of  the  mountains  of  rock. 
So  fiff  as  I  oould  judge  from  the  ship,  the  ice  was  nowhere  uncovered, 
bat  thick  snow  seemed  to  lie  on  the  glaciers  down  to  the  very  edge  of 
the  sea. 

The  sunset  was  very  fine,  and  after  it,  about  9.30  p.m.,  the  clouds 
were  brilliantly  coloured,  and  the  south-western  horizon  became  re- 
markably clear.  At  ten  o'clock  the  ship  was  stopped  quite  close  to 
the  shore,  at  the  entrance  to  the  north-western  passage,  which  doubtless 
led  to  the  ocean.  I  was  anxious  to  land  to  collect  some  geological 
specimens,  but  it  was  necessary  to  manoBuvre  the  vessel  all  the  time,  in 
order  to  avoid  shoals  and  floating  ice,  and,  besides,  the  fK)mmandant  did 
not  see  the  use  of  landing  here,  so  I  had  to  give  it  up.  About  midnight, 
Lecointe,  who  was  on  duty,  saw  something  floating  which  appeared 
exactly  like  a  fragment  of  wood.  I'his  was  a  good  opportunity  for 
launching  a  boat,  so  Bacovitza,  ToUefsen  and  1  set  out  to  see  what  it 
was,  and,  affcer  having  found  that  it  was  only  a  piece  of  ice  filled  with 
pebbles  and  clay,  we  naturally  rowed  ashore  and  landed  in  a  little  bay 
(III  on  map.  Fig.  2),  where  I  had  the  good  fortune  to  come  upon  a 
moraine,  which  I  believe  was  a  ground  moraine.  There  was  water 
behind  the  moraine,  and  then  a  cliff  of  ice,  the  end  of  a  great  glacier 
which  covered  the  whole  slope  of  the  mountain.  Although  it  was  grow- 
ing very  dark  and  the  specimens  were  collected  hurriedly,  we  found 
more  than  ten  different  varieties  of  rocks,  but  none  of  sedimentary 
formation.  The  pebbles  were,  as  a  rule,  perfectly  round,  and  usually 
large,  while  there  were  also  many  big  blocks. 

Tuesday,  January  25,  was  fine  and  calm,  the  air  perfectly  trans- 
parent^ the  sky  cloudless,  and  the  heat  of  the  sun  intense.  We  landed 
at  7  a.m.  Lecointe  and  Dobrowolski,   in   order  to  make  astronomical 
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observ&tionB,  Daoco  for  mftgoetic  work,  RacoTitea  to  searoh  for  i>Iai 
and  aniroalH,  Cook  to  take  photr^raphs,  and  I  to  oollect  geological  spot 
mens.  Amnndsen  went  with  hb.  We  landed  on  the  promontory  of  i 
island  (IV  on  map,  Fig.  2),  and  it  was  not  without  difficulty  that  all  t' 


delicato  infitrameiits  were  got  ashore  on  the  steep  rooks.  By  dint  of  bar 
work.'ind  hy  division  of  labour,  we  were  ready  to  go  on  board  again  bv  to 
o'clock.  Lecointe  had  been  able  to  fix  the  position  of  this  fourth  landing 
exiiutly,  mid  also  t  liat  of  Two  HummookB  island,  which  lay  right  oppositi 
While  Kacovilza  vob  studying  the  patches  of  moss  and  liohena  whic 
wore  found  liiro  and  there  on  tho  rocks,  the  doctor  and  I  made  nae  ( 
Canitdiaii  snowshoes  to  visit  the  higher  part  of  the  island,  and  w 
found  them  a  great  aid  in  crossing  tho  snowy  slopes,  which  wei 
usually  gentle,  tliough  there  wore  dangerous  crevafses  in  placee.  Athic' 
mantlo  i>f  snow  stretched  to  the  orest  of  the  promontory  and  stoppe- 
abruptly,  the  further  side  being  perpendicular.  Great  blooks  of  ic 
must  sometimes  fall  over  this  precipice.  I  ventured  to  orces  a  lung! 
tudiual  crevasse,  and  found  myself  upon  a  somewhat  unstable  mass  c 
ice,  poised  on  the  edge  of  the  cliff.  A  cape  which  was  visible  a  ahoi 
distance  to  the  south  showed  exactly  what  usually  happened.  It  wa 
too  Btee[>  for  snow  to  rest  upon  the  seaward  slope ;  but  a  thick  snow 
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field  ooonpied  the  top,  and  nnmerons  vertical  fiirrowe  marked  the  places 
where  aralanohes  had  oocuired.  At  the  base  there  woa  a  mass  of  enow 
piled  against  ihe  rooks,  its  lower  portion  hardened  into  ice. 

The  heat  fnim  the  snn  reflected  by  tho  field  of  snow  was  so  intense 
that  I  preferred  not  to  continue  Ihe  walk  with  Cook,  but  sat  down  in 
the  midst  of  the  silent  solitude  to  allow  the  grandeur  of  the  magnificent 
polar  landscape  to  produce  its  full  impieesinn  on  my  mind.  To  the 
■outh  and  south-east  ihe  head  of  the  great  bay  was  formed  by  a  stretch 
of  land  extending  as  far  as  cue  could  see.  It  was  a  region  quite  Alpine 
in  ita  charaoter,  but  completely  buried  by  glaoiers.  The  snow-fields 
rose  towards  the  interior,  forming  a  veritable  ioe-cap,  terminating  in  a 
perfectly  continuous  sky-line.  Peaks,  mountain  ranges,  and  profound 
gorgee  there  might  be;  however,  they  were  not  to  be  seen,  but  lay 
buried  beneath  the  inland  ice.  liower  down  the  relief  of  the  land 
ccnld  be  divined  leneath  ila  lobe  of  snow,  and  here  and  thtie  a  haie 
I»k  piencd  tho  ccTciing.  Kothing  like  an  espoeed  chain  of  monnteins 
vasfo  te  dcleited,  allhcngh  rear  the  sea  a  coast  ratine  (ould  le  made 


ont,  its  sidee  cut  by  valleys,  through  which  glaciers  of  various  sizes 
made  their  way.  Along  the  shore  some  of  the  promontoriee  were  l>are, 
but  on  the  lower  ground  the  ends  o(  the  glaciers  were  covered  by  a  field 
of  suow,  and  were  for  the  most  part  couflmnt,  forming  a  platform  of  ice 
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which  gave  origin  to  ioebergs.  That  valleys  exist,  though  they  do  not 
show  on  the  surface,  is  clear  from  the  differences  in  the  size  and  appear- 
ance of  the  glaciers.  The  largest  are  of  gentle  slope,  the  smaller  steep 
and  broken  by  numerous  crevasses.  Some  of  the  glaciers  suspended  from 
the  cliffs  were  of  extraordinary  dimensions.  Thus,  by  the  appearance  of 
the  surface  of  the  ice,  and  nothing  else,  one  could  see  that  the  configura- 
tion of  the  buried  land  was  complicated,  and  underneath  each  glacier 
there  must  be  a  great  excavated  valley,  along  the  bed  of  which  the  ice 
glides  downward.  The  proof  of  the  existence  of  valleys  is  very  interest- 
ing, for  it  points  to  a  time  when  there  was  no  ice,  but  dry  land  being 
eroded  by  the  running  water  of  rivers.  On  the  other  hand,  the  thought 
of  these  buried  valleys  brought  to  my  mind  the  channels  of  Tierra  del 
Fuego,  as  they  must  have  appeared  in  the  glacial  period,  when  the  end 
of  the  Andean  chain  lay  under  just  such  an  ice-sheet. 

At  11  a.m.  we  were  once  more  on  board  the  Belfficaj  steering  north-east 
in  order  to  follow  and  survey  the  south-east  coast  of  Palmer  land.  At 
2  p.m.  we  were  opposite  a  cape  where  the  coast-line  changed  its  direc- 
tion, and  here  we  made  our  fifth  landing  at  the  head  of  a  little  bay 
where  the  pebbly,  boulder-strewn  beach  sloped  so  gently  that  we  had  to 
wade  ashore,  and  pull  the  boat  out  of  the  water  for  safety  (Y  on  map. 
Fig.  2).  The  rocks  of  the  beach  were  erratics  from  a  moraine^  and 
consisted  mainly  of  a  grey  hornblende  granite,  but  other  granites  also 
occurred,  especially  one  with  orthoclase.  There  were  also  nnmerans 
anciout  eruptive  rocks,  some  fine  boulders  of  gneiss,  as  well  as  qnartzites, 
porphyries,  and  a  metamorphic  schist.  It  was  a  fascinating  problem  to 
consider  how  so  great  a  variety  of  rocks  came  together  here.  They  did 
not  seem  to  have  been  carried  by  floating  ice,  and  two  hypothesee  sug- 
gested themselves :  Either  the  rocks  were  brought  by  the  glacier  which 
entered  the  head  of  the  bay,  or  they  dated  back  to  a  time  when  the 
glacial  conditions  were  very  different  from  those  now  prevailing.  The 
former  hypothesis  seemed  improbable,  for  the  stones  were  worn,  as  if 
they  had  come  from  far ;  although  this  argument  is  not  a  very  strong 
one,  since  the  waves  had  made  their  action  felt  also.  On  the  other  hand, 
the  relief  of  the  land  was  opposed  to  the  formation  of  an  important 
glacier  at  this  place.  The  mountains  which  border  the  island  along 
which  we  had  been  sailing  are  very  near  the  shore,  very  steep,  sometimes 
even  perpendicular,  and  their  crests  are  often  completely  free  from  ice. 
Only  the  lowest  part  of  the  flanks  of  the  mountain  are  covered  with 
suspended  glaciers  separated  from  the  snow-fields  above,  and  terminat- 
ing either  on  the  beach  or  beyond  it  in  the  water.  Hence  the  ice  which 
enters  the  bay  cannot  come  from  any  great  distance,  and  the  material 
which  it  carries  must  be  that  of  which  the  mountain  is  composed. 
Again,  the  variety  of  rocks  in  this  moraine  is  too  great  to  be  derived 
from  the  neighbouring  mountains ;  they  unquestionably  come  from 
different  places  extending  over  a  wide  region.     Hence,  if  these  rooks  are 
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not  to  be  found  in  Palmer  land,  ttiey  must  come  from  a  Bonthem  con- 
tmeut,  and  have  been  deposited  here  as  the  lateral  moraine  of  a  vast 
gUoter  which  must  have  filled  up  the  whole  of  Hughes  gulf;  and  in 
any  case  there  is  evidence  of  a  furmer  great  exteoaion  of  glaoieru— that  is 
to  say,  of  a  glacial  period.     Leoointe  made  an  astronomioal  obeervation.' 

At  4  p.m.  we  were  under  way  again,  steering  S.  by  £.  towards  the 
island  where  we  had  first  landed.  The  sky  was  somewhat  overonst, 
at  first  by  flame-shaped  cirrus,  then  by  alto-onmnliiB,  the  cirms  becom- 
ing transformed  into  cirro-stratus,  and,  finally,  before  sunset  a  low  haze 
formed  on  the  sea,  grew  thicker  for  a  while,  but  shortly  after  sunset 
it  cleared  once  more,  and  we  saw  the  islands  and  moantains  in  the 
•onth  qaite  distinotly. 

Wednesday,  January  26,  was  entirely  spent  betweenTwoHummockB 
island,  the  island  of  our  first  landing,  and  two  groups  of  isleta  situated 
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further  north.  In  the  afternoon  Lecointe,  Danoo  and  Raoovitza  landed 
on  the  island  of  our  first  landing  in  order  to  make  magnetic  and 
astronomioal  observations,  while  Cook,  Amundsen  and  I  landed  on 
Two  Ilnmmooks  Ujland  (VI  on  map,  Fig.  2).  Taken  as  a  whole,  this 
island  presents  a  very  characteristic  form ;  it  is  narrow  and  entirely 
covered  with  a  thick  mantle  of  snow,  which  gives  it  a  convex  appear- 
anoe.  Two  pyramidal  mountains  project  like  nunataks,  oontrasting 
with  the  general  smooth  outline ;  these  two  hummocks  are  ranged  in 
the  direotion  of  the  length  of  the  island.  We  landed  on  the  north  coast 
in  the  hope  of  being  able  to  climb  one  of  the  mountains,  and  found  that 
the  shore  was  formed  by  a  cliff  of  ioe  with  only  a  few  promontories  of 
bare  rock.  I  did  not  see  the  ice  actually  immersed  in  the  water  at  any 
point ;  a  very  narrow  strip  of  bare  rock  always  separated  it  from  the 
ssa.     Where  we  landed  the  shore  was  bordered  by  rocket   moutonniet, 
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either  awash  or  rarely  riping  so  mtioh  as  a  yard  or  two  above  the 
surface.  A  little  snow  rested  even  on  these  rooks,  and  the  sea-leopards 
were  sleeping  upon  them  very  tranquilly.  Along  the  ooast  there  are 
deep  crevasses  in  the  ice,  so  that  the  cliffs  have  all  the  appearance  of  an 
icefall.  The  rock  of  the  island  is  a  grey  granite,  with  thick  and  very 
reguliO'  veins  of  a  dark  and  compact  green  rock,  and  also  smaller  red 
veins.  There  were  some  erratics  also,  but  these  might  very  well  have 
been  carried  by  floating  ice.  In  attempting  to  ascend  the  island,  we 
were  stopped  in  a  fog,  when  at  a  height  of  about  850  feet,  by  crevasses 
which  we  could  hardly  see,  although  on  returning  we  were  able  to 
make  out  snow-bridges  by  which  we  could  have  crossed  some  at  least. 
The  crevasses  lay  parallel  to  the  shore — that  is  to  say,  at  right  angles 
to  the  slope.  We  did  not  see  ice  exposed  at  any  place,  although  in  the 
crevasses  there  was  a  fine  blue  colour,  but  that  this  was  not  necessarily 
due  to  ice  is  shown  by  the  fact  that,  on  making  a  hole  about  5  feet 
deep  by  driving  an  alpenstock  into  the  snow,  one  oonld  see  in  it  a  patch 
of  intense  blue.  The  snow  was  soft,  not  compact,  but  agglutinated, 
although  of  too  small  a  grain  to  be  called  nM.  As  the  boat  was  some 
time  in  returning  for  us,  we  had  to  pass  several  hours  on  a  little  patch 
of  look  shut  in  by  white  cliffs  of  ice  on  either  side,  which  we  could 
not  even  approach  in  safety.  The  clay  and  sand  lying  in  the  hollows 
contained  no  traoe  of  animal  or  vegetable  life ;  there  was  nothing  but 
bare  polished  rook,  a  few  pebbles,  and  in  the  water  some  seaweeds  and 
a  very  few  molluscs.  The  fog  cleared  in  the  evening ;  the  boat  oame 
at  last  and  took  us  on  board.  We  continued  to  survey  the  islands  as 
we  passed,  in  order  to  complete  the  chart  of  the  north  of  the  bay. 

On  January  27  we  landed  at  10  a.m.  on  a  little  islet  not  far  from 
Two  Hummockp,  where  there  was  no  snow-covering,  though  its  highest 
point  was  100  feet  at  least.  The  islet  (VII  on  map,  Fig.  2)  was 
scored  by  numerous  cracks  which  cut  the  rook  into  loseenge-shaped 
pieces  and  covered  the  surface  with  angular  fragments,  the  whole 
resembling  the  lofty  crests  of  the  granitic  masses  of  the  Alpp.  The 
only  snow  to  be  seen  remained  in  the  dark  recesses  of  the  cracks.  The 
island  was  a  rookery  of  penguins  and  cormorants,  and  in  places  some 
guano  mixed  with  clay  and  birds'  feathers  was  found. 

Towards  the  afternoon  the  Belgica  steered  south-westerly,  and  in 
the  evening  we  entered  the  large  strait  stretching  towards  the  south, 
which  turned  out  to  be  very  wide,  and  in  parts  we  saw  high  mountains 
and  great  glaciers  enclosing  the  headlands,  and  in  one  case  at  least 
extending  beyond  the  coast  into  the  sea. 

On    Friday,   January   28,   the  weather  was  foggy,  and  we  made  a 

sounding  in  the  centre  of  the  channel,  6nding  a  depth  of  342  fathoms. 

We  were  surrounded  by  whales  {BaUenoptera\  whose  blowing  could  be 

heard  constantly,  a  mysterions  sound  to  break  in  upon  our  solitude  as 

we  floated  between  the  gr*  y  Fky  and  the  dark  surface  of  the  sea,  on 
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whioh  they  played  without  paying  the  least  attention  to  our  presence. 
We  approaohed  the  coast  in  order  to  attempt  a  landing.  Amongst 
seveial  islets  and  rooks  there  was  one  which  presented  an  appearance 
of  stratification  with  a  slight  dip:  it  was  flat  and  almost  completely 
hare,  showing  that  the  snow-line  here  does  not  descend  to  sea-level. 
We  oonld  not  see  the  mountains,  for  only  the  lowest  part  of  the  coast 
appeared  beneath  the  clouds.  A  very  large  moraine,  almost  completely 
hare,  was  seen  running  along  the  shore  in  a  north-east  and  south-west 
direction.  There  was  a  good  deal  of  floating  ice.  We  saw  several 
places  where  there  were  great  diffls  of  ice  with  curved  indentations, 
doubtless  marking  the  places  where  icebergs  had  broken  off;  the 
crevasses  on  Two  Hummocks  island  represented  complete  fractures, 
which  only  required  a  slight  impulse  to  launch  the  detached  berg. 

At  dinner  there  was  a  great  discussion  between  Lecointe  and  de 
Gerlache  as  to  whether  these  were  islands  or  a  continuous  coast — a 
question  of  great  difficulty,  for  what  with  the  fog  and  the  uniform 
white  glare  without  shadow  or  perspective,  it  was  quite  impossible 
to  make  out  the  detail  of  the  land.  For  geographical  purposes  an 
approximate  sketch-map  is  not  to  be  tolerated;  it  is  little  use  to 
advance  far  into  an  unknown  region  if  all  that  can  be  inscribed  on  the 
map  of  the  Earth  is  the  track  of  a  ship.  Such  a  result,  no  doubt,  is 
highly  creditable  to  a  navigator,  but  a  scientific  expedition  ought  to 
have  other  aims.  Lecointe  was  certainly  right  to  insist  that  the  work 
which  had  been  commenced  must  be  carried  through. 

At  2  p.m.  we  landed  on  the  island  one  mile  from  shore,  whioh 
showed  an  appearance  of  stratification  (VIII  on  map.  Fig.  2).  It  was 
difficult  to  get  ashore  on  account  of  the  sea,  but  when  we  succeeded 
we  found  that  the  whole  surface  was  a  smoothly  glaciated  rook  of 
eruptive  origin,  traversed  by  veins  20  feet  thick  of  a  grey  compact 
substance.  A  little  snow  remained  on  the  island,  but  the  fog  prevented 
us  from  continuing  our  survey,  and  the  wind  and  sea  were  rising,  so  we 
had  to  return  on  board. 

On  Saturday,  January  29,  the  weather  was  calm  again ;  the  fog  had 
cleared  away  and  revealed  a  marvellous  scene.  On  every  side  the  thick 
white  covering  descended  to  the  sea,  and  only  the  steepest  slopes  were 
free  from  snow;  perpendicular  cliffs  and  steep  hillnsides  were  cha- 
raotoristic  of  all  these  coasts.  A  cliff  whioh  bordered  a  submerged 
valley  where  an  immense  glacier  debouched  showed  an  appearance  of 
vertical  stratification,  but  our  ninth  landing  enabled  us  to  prove  that 
this  appearance  was  due  merely  to  cracks  in  the  rock,  as  in  all  previous 
oases.  This  may  possibly  be  an  effect  of  extreme  cold,  for  the  roche$ 
wumiownSet,  which  are  preserved  from  abrupt  changes  of  temperature  by 
snow  covering  them  most  of  the  year,  do  not  exhibit  such  cracks,  or 
only  to  a  slight  extent.  It  was  a  curious  landscape  in  white,  grey  and 
black,  yet  with  plenty  of  light,  although  the  sun  was  hidden,  and  a 
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wonderful  play  of  shadow.  Photographs  can  say  nothing  as  to  the  com* 
plex  tints,  while  painting  often  exaggerates  them ;  only  an  exceptionally 
good  oolourist  could  record  the  delicacy  of  the  tones.  My  Russian  friend, 
Pokhitonow,  would  make  an  admirable  picture  of  this  landscape,  so 
imposing  by  its  severity.  The  sea  was  very  dark,  slightly  greenish 
in  the  foreground;  the  horizon  loaded  with  black  and  grey  stratified 
clouds,  and  in  the  whiteness  of  the  stratus  above  there  was  a  yellowish 
tinge.  The  snow  was  very  white,  and  the  glaciers  of  a  white  just 
faintly  bluish  towards  the  base,  and  in  the  cracks  and  below  there  was 
the  blue  of  the  water;  the  rock  was  black,  in  places  touched  with 
brown,  and  lines  of  yellowish  grey ;  the  clouds,  merely  elevated  fogs, 
encroached  upon  the  summits  of  the  mountains,  gradually  thickening^ 
upwards. 

In  the  afternoon,  while  waiting  for  the  sun  and  a  wider  view,  we 
landed  on  a  floating  cake  of  ice  in  order  to  obtain  a  supply  of  fresh 
water. 

At  5  o'clock  we  landed  for  the  ninth  time  at  the  foot  of  a  per- 
pendicular rock;  elsewhere  a  high  cliff  of  stratified  snow  passing^ 
gradually  into  ice  in  its  lower  part,  made  landing  impossible  (IX  on 
map.  Fig.  2).  The  crevasses,  which  form  parallel  to  the  shore,  oat 
this  wall  of  ice  into  sections.  The  head  of  the  little  bay  which  we.  had 
entered  was  occupied  by  the  front  of  a  large  glacier,  which  terminated 
in  a  mer  de  glace;  and  here  we  were  happy  enough  to  be  present  at 
the  formation  of  a  very  little  iceberg — a  great  block  of  ice  which 
tumbled  into  the  water  with  much  noise,  raising  a  cloud  of  dust  from 
the  ice,  and  starting  a  series  of  waves  across  the  bay  not  large  enough 
to  hurt  our  boat.  This  glacier  rises  slowly  towards  the  south,  and  its 
mountainous  border  runs  north  and  south.  A  very  characteristic 
island  resembling  Two  Hummocks  lay  in  front  of  us.  In  the  evening, 
as  we  were  still  in  the  same  neighbourhood,  I  made  a  drawing  to  show 
some  large  curved  crevasses  which  were  very  sharply  marked,  and 
proved  that  the  ice  flowed  most  readily  in  a  direction  at  right  angles 
to  them.  Except  for  two  mountain  peaks,  the  island  is  completely 
buried  under  a  thick  layer  of  ice,  which  is  undoubtedly  a  glacier,  and, 
though  differing  in  appearance  from  valley  glaciers  or  suspended  glaciers, 
is  nevertheless  subject  to  the  same  laws  (Fig.  6). 

The  night  was  fine,  and  the  Belgica  remained  in  the  same  position 
in  order  to  get  her  bearings  next  day.  The  sea  extended  to  a  distance 
towards  the  south  and  east  of  the  prominent  headland,  where  our  ninth 
landing  was  made;  there  was  evidently  a  great  bay,  and  possibly  a 
passage,  but  the  way  seemed  to  be  closed  by  lofty  mountains  with 
majestic  peaks.  Towards  the  north-east  was  the  channel  which  we  had 
undoubtedly  entered  in  too  great  a  hurry,  and  we  had  to  return  on  our 
track  in  order  to  make  a  connection  with  the  land  previously  dis- 
covered.    There  was  also  a  passage  in  the  north-west,  but  my  attention 
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WM  particularly  attracted  by  the  fine 
mountaiD  Bnmmits  of  the  large  inland  which 
lay  to  the  north  of  onr  position.  While 
pacing  the  deck  with  Leroiutt',  I  pointed 
ont  to  him  a  plaoe  where  I  thought  a  land- 
ing might  be  made,  and  we  dieousaed  tha 
possibility  of  an  attempt  to  dimb  th© 
mountains.  In  the  distance  a  gentle  and 
very  regular  alope  oonld  be  seen  Htretohing 
up  to  one  of  the  peaks,  attaining  an  ele- 
vation of  about  7000  feet,  and  it  seemed 
quite  possible  to  ascend  in  this  way  and 
from  the  snmmit  to  Kktttcli  tlm  .mtliiies  of 
the  land  very  easily,  and  obtain  a  general 
idea  of  its  configuration.  Lecoinlc  was 
prepared  to  adopt  Admiral  Mouchez'  method 
of  Bnrreyiug  by  utilising  the  height  as  a 
base,  and  fixing  thu  dietanco  of  points  on 
the  coast  by  measuring  the  angle  with  the 
TerticaL  Cook  was  ready  to  accompany  u», 
and  AiQundstin  did  not  wish  to  be  left  behind. 
On  Sunday,  January  30,  we  steered 
north-north-eiiat,  in  order  to  land  at  tti© 
foot  of  the  mouutaiuB  of  our  ambition. 
The  commandant  decided  to  accompany  the 
Lind-party,  but  in  that  case  the  Belgtea 
would  be  left  without  officers,  to  which 
Raoovitza  objected.  Leoointe  conecqucutly 
bad  to  remain  on  board,  and  Danco,  who 
was  to  come  with  as,  undertook  the  theo- 
dolite work;  but  the  jirepara lions  which 
had  to  be  made  were  too  oluijoralt',  and  the 
projected  excursion  was  doomed  to  failure 
before  it  started.  In  ordi.-r  ta  Hucceod,  it 
would  be  neoessary  to  cany  supplies  on 
our  bucks  and  make  a  great  and  snatained 
effort,  Tjeirtji  prepared,  if  the  lonte  was  l»id, 
to  return  and  choose  a  better  way  ;  for  at 
present  wo  conid  no  Icuigtr  bi^o  tlix  gentle 
slope  whicli  had  been  visible  from  a  dis- 
tance, and  it  was  by  no  means  certain 
that  the  point  at  whicli  we  were  to  land 
would  turn  out  a  favourable  one.  We  took 
with  us  two  sledges  of  Kansen's  pattern, 
sleeping-bags,  a  alk  shelter  tent,  a  little 
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alaminiuin  stove,  saoh*  as  was  used  by  Jackson,  Norwegian  $hi,  Canadian 
snow-shoes,  ioe-axes,  a  40-foot  rope  of  raw  silk,  provisions  for  a  fort- 
night, even  changes  of  underclothing,  and  all  the  instruments  after  that 
Certainly  there  was  far  too  much  baggage,  and  we  were  not  likely  to  go 
so  far  during  the  eight  da3rB  we  intended  to  pass  in  the  glacier ;  still 
there  was  no  knowing  whether  we  should  not  find  something  interesting 
to  observe.  We  landed  on  a  little  promontory  at  the  head  of  a  fine  bay, 
where  a  large  glacier  entered  the  sea  and  the  snow  lay  down  to  the 
water^s  edge  (X  on  map.  Fig.  2).  There  was  no  difficulty  in  g^etting 
ashore,  but  the  sledges  were  horribly  heavy.  Lecointe,  Tollefsen  and 
Johansen  helped  us  to  make  a  start,  and  then  we  continued  by  ourselves, 
a  party  of  five,  de  G^rlache,  Danco,  Amundsen,  Cook  and  I.  The 
Belgica  left  the  bay  to  continue  her  surveys  in  the  south,  and  to  return 
for  us  later.  At  a  height  between  400  and  600  feet  we  had  to  cross 
several  crevasses,  which  were  narrow  and  spanned  by  snow-bridges  solid 
enough  to  allow  our  loads  to  pass  without  difficulty.  Higher  up,  a  great 
snow-field  stretched  before  us,  whence  we  could  look  down  upon  the 
glacier  which  cascaded  towards  the  bay.  The  ice  from  this  dislocated 
glacier  could  only  break  off  in  small  pieces,  so  that  we  recognised  that 
the  essential  condition  for  the  formation  of  icebergs  is  a  slope  gradual 
enough  to  prevent  the  formation  of  a  tner  de  glace  at  the  extremity. 
The  night  passed  comfortably,  though  we  were  too  tightly  packed  in 
our  tent.  After  breakfasting  on  the  everlasting  oatmeal,  we  sot  out  with 
our  loads,  but  it  was  too  foggy  to  allow  of  much  progress  being  made. 
While  waiting  for  the  fog  to  lift,  we  pitched  camp  for  the  second  time, 
and  no  sooner  had  we  done  so  than  the  weather  became  fine. 

Cook  and  I  set  out  for  a  reconnaissance  upon  the  glacier,  which 
formed  a  continuous  plateau  rising  gradually  towards  the  interior  of  the 
island,  where  two  mountain  summits  rose  above  the  snow.  The  con- 
ditions appeared  to  be  most  favourable  towards  the  north-west,  and 
the  whole  party  set  out  with  the  sledges  in  that  direction,  and  we 
encountei*ed  only  a  few  small  crevasses,  which  were  easily  crossed,  then 
the  slope  began  to  increase.  At  2.30  p.m.,  during  lunch,  I  placed  the 
black-bulb  thermometers  on  the  snow,  and,  although  the  sun  was  slightly 
veiled,  they  showed  readings  of  102^*6  and  86°  Fahr.,  although  the 
temperature  of  the  air,  measured  by  a  sling  thermometer,  was  only 
34^-2.  The  strength  of  the  solar  radiation  made  us  all  feel  very  warm. 
We  enjoyed  a  very  extensive  view  towards  the  south,  and  saw  the  high 
mountains  on  the  opposite  side  of  the  strait  diminishing  gradually  in 
height  towards  the  east ;  the  direction  of  the  chain  seemed  to  be  north- 
east and  bouth-west.  The  whole  of  this  mountainous  region  seems  to 
have  subsided,  but,  if  the  west  of  these  lands  has  sunk,  it  may  be  that 
there  is  a  large  plain  of  upraised  land  to  the  east,  the  low  relief  of  which 
would  cause  the  glaciers  to  be  prolonged  into  the  sea,  and  in  such  con- 
ditions icebergs  formed  upon  the  continental  shelf  itself  might  attain  a 
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great  size.  Here,  on  the  contrary,  most  of  the  coastal  glaciers  are  of  a 
different  type,  terminating  at  the  level  of  the  sea.  At  7  p.m.  we  were 
ttUl  mounting  upwards,  the  weather  being  remarkably  fine,  and  the 
▼iew  of  Oraham  Land  grew  finer  and  finer.  The  relief  of  that  land, 
although  ezoessively  varied,  is  singularly  softened  by  the  glaciers  and 
the  acoumulated  snow,  so  that  it  is  only  because  the  valleys  hollowed 
by  the  running  water  of  some  epoch  are  so  deep  that  some  crests  and 
very  abmpt  slopes  remain  bare.  At  the  height  of  1600  feet  we  were 
stopped  by  a  crevasse  over  30  feet  wide,  which  we  could  not  cross,  and 
other  Grevasses  appeared  beyond  it,  the  whole  glacier  having  a  terraced 
stmctnre.  We  had  consequently  to  descend  again  to  the  ice-plain  in 
order  to  camp  for  the  night.  During  the  whole  of  Tuesday  we  were 
dragging  our  loads  uselessly  towards  a  hill  in  the  west,  but  in  that 
direotion  also  we  were  stopped  by  numerous  crevasses,  and,  in  any  case, 
if  we  had  reached  the  hill  we  should  only  have  been  able  to  see  a  part  of 
the  horizon.  Again  we  had  to  retrace  our  steps  to  the  ice-plain  to  pass 
the  night,  and  there  we  left  our  camp  for  the  two  following  days,  seeing 
that  it  was  impossible  to  reach  any  high  summit.  We  climbed  two 
nunatakB  in  the  east,  one  of  which  was  easily  asoended,  and  on  it 
Danco  and  de  Gerlaohe  made  observations  with  the  theodolite.  The 
miniTnnm  temperature  of  the  night  between  Tuesday  and  Wednesday 
was  25''*  5  Fahr.,  and  between  Thursday  and  Friday  24"^' 6  Fahr. 

The  radiation  from  the  sun  during  the  three  days  had  not  sufficed  to 
ohange  the  snow  into  nivS.  On  Friday  I  went  over  the  whole  of  the 
plain,  and  found  snow  at  the  surface  everywhere,  but  at*a  depth  of 
4  inohes  there  was  frozen  nM.  The  plain,  upon  which  we  camped,  is 
the  result  of  the  complete  filling  of  the  valley;  for  it  is  certdnly  a 
valley  which  descends  from  these  heights,  but  it  is  very  difficult  to  give 
the  orography  of  the  lower  parts,  as  the  glacier  and  the  accumulation  of 
the  eternal  snow  hid  the  form  of  the  land.  The  formation  of  the  ice, 
however,  showed  me  that  the  nunataks  are  the  summits  of  the  sides  of 
the  valley,  and  the  cascade  that  we  vainly  tried  to  cross  is  the  step  which 
would  have  led  us  to  another  plain  of  ice,  covering  a  second  terrace  of 
the  same  valley.  Amundsen  and  Cook  tried  to  pass  the  crevasses  by 
olimbing  along  the  walls  of  rock  which  bordered  that  section  of  the 
glader  in  places,  but  they  were  unable  to  reach  their  goal. 

From  the  summit  of  the  more  distant  nunatak  Cook  and  I  had  a  good 
view  of  the  mer  de  glace  in  which  a  large  glacier  terminated  at  the  head 
of  the  bay  where  we  landed ;  although  the  broken  fragments  could  not 
give  rise  to  icebergs  as  they  entered  the  water,  it  seemed  quite  possible 
that  in  winter,  when  the  bay  is  frozen  enough,  ice  might  accumulate 
to  form  one  or  more  bergs.  In  any  case,  it  appeared  certain  to  me  that 
the  bottom  of  this  great  valley  extended  below  the  level  of  the  sea ;  and 
I  was  also  led  to  believe,  judging  frx)m  the  distances  which  separated 
the  nunataks  and  the  angle  of  slope  of  the  walls,  that  the  same  holds 
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good  for  the  valley  in  which  we  were  camped.  We  fonnd  some  lichens 
and  mosses  on  the  nunataks. 

On  Saturday  night  we  heard  the  Belgica  return,  and  on  the  morning 
of  Sunday,  February  6,  we  heard  her  whistle  again.  We  could  not  go 
on  board,  however,  because  the  wind  was  blowing  too  strong,  and 
Amundsen,  who  went  to  look  out,  saw  the  ship  leaving  the  bay.  We 
changed  our  camp,  and,  as  the  wind  was  always  tearing  the  tent,  we  were 
obliged  to  protect  it  by  a  wall  of  snow. 

On  Sunday  afternoon  we  all  got  on  board  the  Belgtat^  and  found  that 
Lecointe  and  Eacoviiza  had  made  two  landings  in  our  absence.  We 
steered  towards  the  east,  in  order  to  continue  our  survey  of  the  coast  of 
Graham  Land.  The  air-temperatuie  was  high  aU  day,  with  a  maxi- 
mum of  45°  Fahr.  At  night  it  rained,  at  times  very  heavily,  and  it 
must  have  produced  a  great  efifect  upon  the  snow-fields,  because  we 
noticed  in  descending  the  plateau  that  the  snow  had  considerably 
changed  its  appearance,  and  we  sank  deeply  in  the  porotus  mass.  The 
rain  must  have  produced  a  much  greater  effect  than  a  day  of  strong 
sunshine. 

On  Monday,  February  7,  the  sky  was  overcast,  but  the  weather  was 
clear  and  the  sea  calm,  and  we  passed  quickly  along  the  southern  ooast 
close  inshore.  The  coast  was  very  remarkable,  on  account  of  its  great 
indentations.  Hughes  gulf  was  followed  by  a  bay,  which  we  had  rapidly 
sailed  round,  and  then  came  another  still  larger,  of  which  we  followed 
the  shore ;  but  further  south  Lecointe  found  yet  another  bay,  in  whioh 
very  larger  glaciers  terminated.  We  passed  so  close  to  the  shore  that  we 
could  not  see  the  high  mountains  in  the  interior  of  the  country,  but 
only  the  ends  of  the  glaciers  coming  from  the  inland  ice.  On  the  other 
hand,  we  could  study  in  detail  the  innumerable  glaciers  whioh  are 
attached  to  the  flanks  of  the  mountains  bordering  the  strait.  The  rooks 
are  very  steep,  and  in  many  places  exposed  to  view,  but  too  often  in 
inaccessible  positions.  We  succeeded,  however,  in  landing  at  the  base 
of  a  granitic  cliff,  near  whioh,  upon  a  little  promontory,  I  discovered  a 
metamorphic  schist  in  contact  with  the  granite  (XllI  on  map.  Fig.  2). 
The  direction  of  the  strata  was  north-west  and  south-east,  and  their  dip 
towards  the  north  was  about  45°  ;  a  very  friable  schist  alternated  with 
a  dark  quartzite  and  dark  green  strata  of  a  highly  metamorphosed  rock. 
The  granite  is  below,  i.e.  in  the  south,  and  forms  a  mountain,  close 
against  which  is  a  mountain  of  dark  rock  quite  inaccessible  except  for 
one  cliff,  at  the  base  of  which  I  was  able  to  risk  myself.  The  stratifi- 
cation seemed  much  straighter  above  than  at  sea-level.  From  midday 
the  weather  waH  l)ad,  with  rain,  snow,  and  fog,  but  at  night  it  grew  finer. 

On  Thursday  morning  I  went  up  in  the  crow's-nest  in  order  to 
photograph  with  my  binocular  camera  the  three-quarteiis  of  the  horizon 
from  north  to  west.  It  was  splendid  weather,  and  here  one  was 
absolutely  alone,  with  nothing  and    no   one  to  distract  the  attention. 
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firen  hum  the  mast-head  it  was  impossible  to  see  far  into  the  interior  of 
tht)  l&nd ;  only  the  first  wall  of  the  mountains  was  visible.  The  region 
in  which  we  now  were  seemed  to  be  much  leas  buried  in  ioe  than  the 
land  at  the  head  of  Hughes  gulf,  and  the  glaoieis  appeared  to  be  local, 
coming  from  no  distance  in  the  interior.  It  is  also  noteworthy  that 
here  the  peaks  rising  as  nnnataks  and  the  walls  of  rook  bordering  the 
gladen  are  sharp,  and  only  ronnded  by  ioe-aotion  for  the  500  feet 
nearest  the  sea.  In  the  neighbourhood  of  a  great  glacier  ooming  from 
the  Houtb,  where  the  twelfth  landing  was  maJe  by  Racovitza  and 
LeocnntOi  there  was  a  very  large  roche  mouUmnie  in  front  of  the  end  of 
the  glacier,  which  is  evidently 
retreating.  A  little  further  to 
the  north  of  that  point  I  saw  a 
nnnatak,  at  the  base  of  which 
the  ioe  aeemed  also  to  be  retreat- 
ing. On  the  northern  side  a  very 
ohanu]teristioonrvature(a,Fig.7), 
with  a  smoothed  Burfoce,  wan 
remarked  near  the  snow,  while 
there  were  large  vertical  grooves 
above.  I  aaw  very  few  examplefi 
of  this  kind;  oa  a  rale,  the 
nmataks  were  well  buried. 

The  tenth  landing  (X.  on 
map.  Fig.  2)  was  on  a  large 
island.  I  saw  the  channel  which 
aeparatee  it  in  the  south-west 
from  another  land,  and  to  the 
north-weot  the  sea  horizon  was 
unbroken  —  it  was  the  Pacific 
ocean.  I  saw  this  oonfirmation 
of   my    theories  *    with    much 

pleamre ;  there  was  no  doubt  that  we  were  on  the  west  coast  of  the 
continental  land  symmetrically  placed  with  regard  to  the  Southern 
Andes.  There  is  no  passage  to  the  east,  and  the  Bieooe  islands  form  a 
parallel  chain  belonging  to  the  mountain  system  of  Graham  Land. 

We  continued  to  approach  the  north-west  coast,  onr  course  being 
westHBOnth-west.  I  noticed  a  wall  forming  a  little  cirque  between  two 
promontcriee,  at  the  foot  of  which  a  broad  glacier  terminated  abruptiy 
abng  tii.e  ahore  and  stretched  upwards  towards  the  mountwns  in  a 
gentle  slope.  A  series  of  curved  lines,  more  or  lees  paraUel,  oould  be 
distinctly  seen  upon  this  wall ;  the  last  of  them  followed  the  outline 
of  th«  field  of  nM.    There  were  ledges  of  the  rook  ranged  like  steps ; 
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the  snow  lying  on  the  flat  ahelves  contruted  with  the  dark  oolonr 
of  the  steep  slopes  and  thus  emphasised  the  Btractare.  The  same 
thing  was  seen  in  oUier  plaoee  where  similar  oonditionB  proTsiled, 
and  it  seemed  that  these  steps  weie  old  levels  of  the  snow-fieU, 
and  their  existence  proves  a  former  greater  exteusioii  of  the  niti. 
While  the  nie4  remained  at  one  level,  the  exposed  portion  of  the 
rook  wall  cmmbled  under  the  infloenoe  of  atmospheric  agencies,  while 
the  part  covered  b;  snow  was  protected,  hence  the  catting  of  the 
step. 

At  noon,  Lecointe,  Danoo,  BaoovitEa,  Amundsen  and  I  landed  with 
the  instmments  necessary  for  astronomical  and  magnetic  observations; 


but,  unfortunately,  we  were  too  late  to  observe  the  meridian  altitude, 
a  misfortune  the  more  regrettable  becatiee  Lecointe  liad  urged  the  com- 
mandant to  allow  us  to  land  sooner.  We  remained  some  time  on  the 
strip  of  bare  rock  which  was  exposed  between  the  field  of  nM  and  tbe 
sea.  It  was  the  same  black  granitoid  rook  traversed  by  thick  veins  and 
narrow  threads  of  quartz ;  and  there  was  a  great  variety  of  erratio 
blocks,  including  specimens  of  basalt,  breccia,  several  blocks  of  con- 
glomerate, and  some  fragments  of  quartzite.  A  cave  was  found  in  the 
large-grained,  porous  ice-wall,  along  the  nnoovered  bed  of  which  a  little 
stream  flowed,  the  first  glacier  stream  1  had  seen.  It  came  from  tlie 
direction  of  a  nunatak,  and  consequently  could  not  have  pnrsned  its 
course  to  a  long  distance  under  the  ice ;  in  its  bed  there  were  rolled 
pebbles  of  eruptive  rocks.  We  were  only  two  hours  ashore,  so  it  was 
impossible  to  get  as  far  as  the  nuuatak.  At  our  landing-place,  and  for 
some  distance  out  from  the  shore,  we  saw  the  bottom  of  the  sea  vezy 
distinctly,  and  in  some  places  could  even  touch  it  with  tlie  ouv ;  it  was 
composed  of  pebbles  and  boulders. 

At  6  p.m.  the  Belgica  rosomed  her  voyage  southward,  and  ire  e&teied 
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a  ohannel  wbioh  narrowed  as  we  proceeded.  The  mountainB  on  the 
right  beoame  lower  and  their  profiles  sharper,  while  on  the  island  to 
the  east  of  ns  I  saw  the  snow-fields  on  the  summits  merging  one  into 
the  other,  and  forming  plateaux  of  ioe.  A  little  sierra,  composed  of 
five  or  six  peaks  in  a  row,  ran  in  a  north-east  and  south-west  direction, 
and,  as  we  were  abreast  of  the  first  mountain,  it  presented  itself  to  us 
as  an  abrupt  wall  of  rook,  the  screes  at  its  base  partly  buried  by  snow. 
The  other  summits  further  south  were  much  higher.  The  channel 
itself  had  the  appearance  of  a  fjord,  but  there  were  no  mountains  at 
the  end,  only  a  low  snow-field,  and  signs  of  a  passage  towards  the  west. 
As  we  advanced,  the  mountain  chain  on  the  right  became  clearer ;  in 
the  west  there  was  only  one  high  mountain,*  and  beyond  it  doubtless 
the  ooean.  The  sierra  on  the  left  showed  no  trace  of  stratification.  At 
7  p.m.  we  found  that  the  channel  curved  towards  the  west  almost  at 
right  angles,  and  we  entered  another  channel  parallel  to  the  first. 
There  was  very  little  floating  ice,  and  not  one  iceberg  was  to  be  seen. 
The  ohannel  we  had  entered  continued  as  a  great  valley  into  the 
interior  of  the  island,  a  glacier  descending  along  its  gentle  slope  from 
the  north.  The  chain  which  formed  the  mass  of  the  island  culminated 
in  a  high  summit  entirely  snow-covered  in  the  north,  and  gradually 
fill  off  to  the  south.  It  would 
really  take  years  to  work  out 
this  complex  of  channels,  in- 
lets, and  islands,  and  many 
hafm  of  general  interest  would 
be  elicited  if  the  archipelago 
were  to  be  thoroughly  mapped. 
At  eight  o'clock  we  passed  some 
of  the  flat  suspended  glaciers 
oharaoteristic  of  the  island  on 

our  ^  left,  and  a  diagrammatic       ^^  d.-seotion  of  buspbnded  qlaoibb. 
section  of  one  of  these  is  given 

in  Pig.  9.  They  have  always  the  long  crevasses,  sometimes  slightly 
oorved,  with  detached  berg  splinters.  The  general  appearance  of  these 
ooastal  glaciers  is  a  great  mass  of  snow  heavily  heaped  against  the 
mountain.  The  surface  has  a  slope  far  too  gentle  to  produce  the  effect 
of  a  suspended  glacier  of  the  Alps,  or  even  of  the  channels  of  Tierra 
del  Fuego.  The  sun  set  in  an  orange-tinted  horizon,  the  sky  above 
being  intensely  blue,  with  little  golden  clouds,  and  the  mountains 
CEKxing  the  sunset  flushed  pink  and  changed  to  red.  It  would  be 
difficult  to  imagine  any  place  more  beautiful  in  such  perfect  weather ; 
the  everlasting  ioe,  the  grim  mountains,  and  the  majestic  silence  com- 
bined to  impress  the  mind  with  an  overmastering  sense  of  the  calm 


*  Biflooe'tf  Mount  William. 
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severity  of  nature.    Alone  in  the  crow's-nest,  I  rejoiced,  at  my  good 
fortune  in  attaining  so  great  a  reward  for  my  voyage  as  this  feast  of 
grandeur  and  beauty. 

On  Wednesday,  February  9,  at  7.30  a.m.,  we  made  our  fifteenth 
landing  (XV  on  map,  Fig.  2).  The  whole  coast  appeared  like  one 
great  roche  maiUonnSe  entirely  free  from  snow,  everywhere  smoothly 
polished  and  scored  with  sharp  grooves,  often  very  deep,  running  in  all 
directions  and  crossing  each  other.  The  larger  were  vacant,  but  others 
were  filled  with  thin  leaves  of  rock,  and  some  with  compact  grey  veins, 
giving  the  rock  a  schistose  appearance.  The  surface  of  the  granite  was 
strewn  with  splinters  split  off  by  the  effects  of  radiation,  usually  from 
one-third  to  two-thirds  of  an  inch  thick,  and  about  a  foot  in  diameter. 
There  were  no  erratic^  blocks.  The  rocks  were  bare  up  to  a  height  of 
about  150  feet,  but  from  this  level  the  snow  uniformly  covered  the 
island.  The  sheet  of  snow  gave  rise  to  a  trickle  of  water,  forming 
cascades,  under  which  an  abundant  vegetation  of  mosses  and  algso  had 
accumulated.  A  few  tufts  of  moss  were  found  here  and  there  among 
the  stones.  The  sun  shone  strongly,  and  the  bare  rock  grew  quite 
warm.  At  8  a.m.  on  the  Bdgica,  when  the  air-temperature  was  41°  Fahr., 
the  black-bulb  thermometer  in  the  sun  read  87°*  8,  hence  the  splintering 
of  the  surface  of  the  rocks  could  easily  be  understood. 

At  ten  o'clock  we  were  on  board  again,  heading  south  out  of  the 
channel,  and  as  we  passed  along  the  coast  I  saw  several  semi-cylin- 
drical ice-caves  from  which  streams  issued,  but  the  tunnels  were  small 
compared  to  the  great  mass  of  the  ice.  At  10.80  we  passed  the  cape  at 
the  south  end  of  the  mountainous  island  we  had  been  coasting,  and  the 
recording  thermometer  fell,  while  the  hygrometer  rose  sharply,  as  the 
influence  of  the  ocean  made  itself  felt ;  and  in  the  distance  great  ice- 
bergs could  be  seen  in  the  open  Pacific.  I  counted  a  group  of  twelve 
small,  low  islands,  mere  domes  of  snow,  bordering  the  large  island  in 
the  south-west ;  and  at  eleven  o'clock  we  made  the  sixteenth  landing  on 
one  of  them  (XVI  on  map,  Fig.  2).  Leoointe  landed  for  the  noon 
observation  of  the  sun,  making  use,  as  before,  of  an  artificial  horizon ; 
Bacovitza,  Cook,  Danco,  and  I  accompanied  him.  The  whole  islet  was 
covered  with  moist  sdow  almost  to  the  water's  edge ;  it  was  strange  to 
see  so  great  a  difference  in  the  height  of  the  snow-line  in  so  short  a 
distance  as  that  separating  the  XV  and  XVI  landings. 

These  low  islets  are  more  exposed  to  the  humid  winds  from  the 
western  ocean,  and  consequently  receive  a  greater  precipitation,  the 
snow  not  all  melting  in  summer.  On  the  snow  we  found  penguins' 
feathers,  shells  carried  by  the  birds,  and  all  kinds  of  dirt,  producing 
hollows  by  absorbing  heat  from  the  sun,  and  sometimes  these  holes 
were  rather  deep.  The  nM,  which  was  all  oozing  with  water,  was  com- 
pact at  a  trifling  depth,  where  it  changed  into  ioe.  The  ioe-cap  of  this 
islet  was  crossed  by  a  single  narrow  crevasse.   The  rooks  round  the  edge 
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were  all  icewom  and  very  flat,  in  some  places  soored  with  cracks,  though 
to  a  much  less  extent  than  at  the  place  of  onr  previons  landing.  There 
were  namerons  veins  of  quartz,  some  quartz  in  the  form  of  amethyst, 
and  a  quantity  of  copper  ore.  There  were  no  erratics.  All  the  islets 
of  the  neighhourhood  had  the  same  appearance,  like  great  whale-backs 
appearing  above  the  sea.  The  polished  surface  extended  to  just  below 
the  surface  of  the  water,  and  there  were  also,  near  the  islet  where  we 
landed,  several  glaciated  rocks  scarcely  emergent. 

The  whole  group  seems  to  form  a  plateau  which  has  been  profoundly 
glaciated,  and  of  which  only  the  higher  portions  now  appear,  but  this 
plateau  has  nothing  in  common  with  the  continental  shelf,  the  whole 
of  the  district  which  we  have  explored  presenting  very  clear  evidence 
of  a  submerged  region.  From  another  point  of  view,  these  islands  are 
by  no  means  the  stumps  of  mountains  worn  down  by  marine  erosion ; 
they  afford  evidence  of  a  great  extension  of  glaciers  in  some  by-gone 
period.  The  whole  channel,  which  we  were  now  about  to  leave,  had 
doubtless  at  one  time  been  filled  by  a  great  glacier  which  flowed  to  the 
Pacific.  The  cutting  off  of  the  summits  of  these  islands  may  be  its 
work. 

At  3  p.m.  we  turned  the  southern  point  of  the  sierra  and  steered 
north-eastward  in  order  to  continue  our  exploration  of  the  main  channel, 
which  is  divided  by  low  islands  into  several  branches.  It  is  a  question 
of  some  interest  whether  it  is  the  Bismarck  strait  of  Dallmann.  The 
nerra  reappeared  suddenly  in  the  south,  on  the  other  side  of  the 
entrance  to  the  channel,  and  continued  in  a  straight  line  to  the  south- 
louth-west,  but  a  lower  parallel  ridge  appeared  west  of  the  main  chain, 
and  beyond  it  a  range  of  islands,  the  summits  of  which  were  still 
lower,  bordered  the  coast,  the  whole  evidently  forming  a  tectonic  chain. 
Towards  the  interior  a  gentle  slope  of  glacier  connects  the  sierra  with 
a  higher  mass  buried  under  the  inland  ice.  At  4  p.m.  we  made  the 
seventeenth  landing  on  an  islet  not  far  from  the  east  coast  of  the  island 
we  had  come  round  (XVII  on  map.  Fig.  2).  Racovitza,  Cook,  Danco 
and  I  were  left  ashore  for  some  hours  while  the  ship  continued  her 
route.  The  end  of  the  island  where  we  landed  was  a  great  rookery  of 
penguins  and  cormorants,  and  the  snow  was  much  soiled  for  a  consider- 
able distance  from  the  shore.  The  rocks,  which  are  much  glaciated,  were 
fairly  level,  and  at  the  heads  of  the  little  bays,  out  of  reach  of  the  waves, 
we  found  numerous  pebbles  and  small  erratic  blocks  of  gneiss,  various 
granites,  and  porphyry,  but  neither  pudding-stones  nor  basalt ;  and,  as 
I  saw  no  erratics  elsewhere,  it  is  probable  that  these  were  carried  by 
floating  ice.  A  rocky  hill  was  uncovered  to  a  height  of  70  to  100  feet, 
and  above  that  was  the  layer  of  ice,  which,  in  places  of  more  gentle 
slope,  desoended  to  the  shore.  There  was  little  nivS  on  the  surface,  and 
all  of  it  melting  ;  water  trickled  away  on  every  side,  though  not  in  any 
great  quantity.     The  surface  of  the  ice  was  traversed  by  vertical  cracks, 
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mnning  in  different  direotions,  and  varying  from  i  to  1  inch  in  width. 
While  the  orevasses  had  yertical  sides  and  were  hong  with  icideB,  these 
narrow  oracks  were  full  of  water.  This  mosaic  of  oraoks  occurs  on  the 
top  of  the  boss  of  ice  which  forms  the  summit,  while  on  the  slopes  the 
crevasses  assume  a  transverse  direction,  being  evidently  produced  by 
the  tension  of  the  ice  as  it  creeps  downwards  on  every  side  towards  the 
sea.  One  main  crevasse  ran  along  the  whole  length  of  the  back  of  the 
island.  On  the  side  where  we  landed  the  ice-covering  was  pierced  by 
a  few  scarcely  visible  points  of  rock,  while  the  whole  southern  shore 
was  bordered  by  a  cliff  of  ice.  Another  island,  similar  in  every  way  to 
the  one  on  which  we  landed,  lay  quite  near,  and  on  it  also  streams  of 
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water  were  trickling  from  the  ice.    I  made  a  sketch  of  this  island,  which 
is  shown  in  Fig.  10. 

From  the  eastern  side  the  sierra  had  a  much  more  gentle  slope. 
The  cirques  in  the  crest  were  occupied  by  very  steep  glaciers,  but 
lower  down  the  wide  snow-fields  reduced  the  slopes  to  a  very  gentle 
gradient.  The  rocky  walls  so  characteristic  of  the  north-west  of  the 
sierra,  as  seen  from  the  other  side  of  the  island,  were  not  represented 
at  all  on  this.  On  the  northern  slopes  of  Graham  Land,  on  the  other 
side  of  the  wide  channel,  I  saw  an  immense  glacier  descending  the 
gentle  slopes  from  the  snow-fields  which  lay  about  the  heights  situated 
in  the  south-west.  It  was  really  a  majestic  ice-stream  filling  two  large 
valleys  for  three-quarters  of  their  depth,  while  higher  up  it  completely 
drowned  the  rocky  spur  that  separated  them. 

With  Cook  1  walked  round  our  islet,  and  at  its  northern  end 
found  several  fragments  of  moraines  plastered  against  the  slope  nearly 
80  feet  above  the  level  of  the  sea,  and  from  15  to  25  feet  in  height. 
They  contained  the  same  gneiss,  granites,  and  other  rock  collected 
in  the  little  bays  of  the  shore.  The  predominant  rock  was  granite  with 
hornblende,  in  fragments  which  were  often  angular;  the  blocks  of 
gneiss  were  often  very  large  and  perfectly  polished.  Since  the  granite 
with  erthoolase  only  occurs  in  the  form  of  well-rounded  pebbles,  it 
doubtless  has  come  from  a  distance,  and  the  same  is  true  of  other  rocks. 
The  moraine  descends  very  slightly  towards  the  west,  and  its  direction 
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is  that  of  the  ohannel.  This  moraine  is  another  deoisive  proof  of  the 
ezistenoe  of  a  glacial  period  in  the  neighbourhood  of  Graham  Land. 
In  the  evening  the  sky  beoame  overcast,  the  wind  rose,  and  it  grew 
very  cold  as  we  waited  for  the  Belgica,  which  at  last  returned  for  as 
about  9  p.m. 

Thursday,  February  10,  was  cloudy  and  slightly  foggy,  and  for  a  time 
we  could  scarcely  see  where  we  were  amongst  the  numerous  islands,  with 
the  low  clouds  concealing  the  characteristic  mountain  outlines.  At  noon 
we  made  the  eighteenth  landing,  almost  opposite  the  seventeenth,  on 
the  other  side  of  the  large  channel  (XVIII  on  map.  Fig.  2).  It  was 
at  the  base  of  a  pyramidal  mountain  of  red  rock,  very  different  in 
appearance  from  the  surrounding  scenery.  A  great  band  of  red  granite 
■eemed  to  traverse  the  region  from  north-north-west  to  south-south-east. 
The  interesting  feature  of  this  landing  was  the  discovery  of  a  moraine  at 
least  70  feet  in  height,  which  was  set  against  the  mountain-side  along 
part  of  the  beach  in  the  direction  of  the  channel.  The  rock  itself  was 
highly  glaciated  to  just  below  the  level  of  the  water. 

The  boulders  were  mainly  angular  fragments  of  red  granite,  and, 
on  the  crest  of  the  moraine,  numerous  blocks  of  well-polished  gneiss. 
There  were  also  pebbles  of  hornblende-granite,  porphyry,  and  other 
rooks,  including  a  white  quartzite  with  small  crystals  of  pyrite,  and  a 
very  compact  black  schist.  Since  we  were  always  in  sight  of  the 
ooast^  I  never  ceased  to  ask  for  more  landings ;  I  urged  Lecointe,  de 
Gerlache,  and  the  others  again  and  again,  but  not  with  so  much  effect 
as  I  could  wish.  The  commandant  showed  himself  very  obliging ;  but 
with  a  little  good- will  we  could  have  landed  in  many  other  places  and 
ooUected  mudi  more  geological  material  than  we  did.  For  this  eighteenth 
landing  he  conducted  me  himself,  but  for  ten  minutes  only.  A  few 
strokes  of  the  oars  brought  us  to  the  beach  amid  cries  of  '*  Hurry  up, 
Ar^towski  1 "  I  gave  a  hammer  to  ToUefsen,  with  orders  to  chip  here 
and  there  down  by  the  shore,  while  I  hurriedly  climbed  the  moraine, 
picking  up  specimens  as  I  ran,  took  the  direction  with  my  compass, 
glanced  to  the  left  and  right,  and  hurried  down  again  full  speed  to  get 
a  look  at  the  rock  in  iiiu ;  meanwhile,  Cook  had  taken  a  photograph  of 
the  place  from  the  ship— and  that  is  the  way  geological  surveys  had  to 
be  carried  out  in  the  Antarctic. 

At  4  p.m.  we  passed  a  fine  iceberg,  which  appeared  like  the  face  of  a 
glacier,  and  must  have  been  recently  detached,  for  it  still  bore  the  marks 
of  crevasses.    It  was  about  100  feet  high  by  nearly  700  long. 

At  5  p.m.  I  was  again  in  the  crow's-nest,  and  we  were  heading 
south-east,  perhaps  to  cut  another  slice  off  the  northern  end  of  Graham 
Land.  It  was  not  clear,  but  we  could  make  out  enough  to  recognise 
landmarks.  What  seemed  to  be  a  channel  turned  out  merely  a  wide 
Qord  which  got  slightly  narrower  towards  the  head.  The  amount  of 
floating  ioe  and  icebergs  increased;  some  of  the  latter  were  over  500 
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yards,  and  one  was  certainly  over  1100  yards,  in  length.  Althongli 
there  was  no  snnshine,  we  heard  the  thunder  of  the  avalanohes  from  the 
land.  In  the  north-east  we  saw  the  front  of  a  very  large  glaoier,  hut 
the  upper  part  was  swathed  in  cloud.  At  the  head  of  the  Qord  there 
were  no  rocks  to  be  seen ;  a  wall  of  ice  met  the  water  all  round — ^the 
nature  of  it,  however,  was  not  quite  the  same  at  every  point. 

On  Friday  morning  at  9  o'clock  we  made  the  nineteenth  landing  on 
a  little  islet,  or  rather  a  big  roche  motUoniUe  under  a  great  shield  of 
snow,  rising  gently  from  the  water  (XIX  on  map,  Fig.  2).  The  strip 
of  bare  rock  between  sea  and  snow  reached  only  2  or  3  yards  above  the 
level  of  the  water,  and  was  remarkably  smooth  and  glossy.  There  were 
two  islets  of  this  kind,  and  between  them  a  moraine  just  appeared  above 
the  sea ;  it  consisted  of  very  large  blocks  of  rock,  probably  diversey  but 
I  could  not  get  to  see  them.  Lecointe,  who  landed  for  an  observation 
on  this  island,  was  certainly  very  hard  pressed  for  time. 

The  weather  cleared  a  little  in  the  afternoon,  and  we  continued  to 
search  for  a  passage  to  the  east,  but  there  was  none— it  was  merely  a 
Qord.  I  only  caught  a  glimpse,  in  a  clear  moment,  of  one  of  the  lofty 
summits  which  must  exist  to  the  east,  from  which  the  great  glaiders 
flow.  From  the  head  of  the  Qord  valleys  radiate  inland  like  fingers 
from  a  hand,  each  filled  by  a  great  glacier.  Some  of  the  glaciers  at  the 
head  of  this  Qord  were  very  large;  descending  by  an  easy  gradient, 
they  formed  a  broad  flat  base,  which  launched  great  table-topped  bergs 
of  much  regularity.  In  turning  to  the  west  after  completing  our 
circuit,  we  met  more  floating  ice.  About  6  p.m.  we  were  surrounded 
by  ice,  and  in  fog,  which  remained  at  some  little  height  above  the  water. 
Here  we  observed  a  strange  and  very  beautiful  phenomenon.  At  a  given 
moment  the  ice  suddenly  assumed  an  intense  blue  colour,  of  extraordinary 
purity,  a  little  tinged  with  purple  near  the  horizon,  and  becoming 
lighter  higher  up,  changing  into  a  steely  tint  above,  but  showing  no 
trace  of  green.  Fog  and  ice  were  coloured  alike,  hence  they  must  both 
have  been  illuminated  by  blue  light.  In  the  south-west,  about  15° 
above  the  horizon,  the  blue  disappeared  and  was  succeeded  by  a  luminous 
steel-grey  sky,  and  above  this  white  light  a  yellowish  stratum  faded 
off  upwards  into  a  faint  orange  glow,  and  finally,  beyond  25°  above  the 
horizon,  the  whole  sky  was  a  dull  grey  mass  of  cloud.  The  phenomenon 
was  at  its  maximum  intensity  about  7  p.m.,  when  the  sun  was  18°  SO' 
above  the  horizon,  and  at  eight  o'clock  it  bad  become  very  faint.  The 
air  was  clear  enough  to  allow  us  to  see  floating  ice  a  mile  away.  Soon 
after  eight  the  fog  closed  in  again,  and  when  going  dead  slow  the  Belgica 
collided  with  a  small  berg,  but  the  shock  was  not  severe,  although  the 
bow-sprit  was  damaged. 

On  Saturday,  February  12,  a  good  deal  of  floating  ice  was  in  sight 
in  pieces  of  all  sizes,  and  there  was  a  little  field-ice.  The  sky  deared, 
and  high  mountains  appeared  in  the  south.     At  9  a.m.  two  rooky  points 


EXPLORATION  OF   ANTARCnC  LANDS.  491 

loooted  ont  of  the  mist,  &nd  there  Beamed  to  be  a  passage  between  them. 
We  followed  the  ooaet  very  closely,  and  soon  fonnd  onrselves  in  a  bay, 
on  leaving  whioh  we  admired  a  very  fine  cape  which  rose  in  two  lofty 
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needles  (7ig>  II)-  It  was  the  moat  westerly  promuntory  of  this  part 
of  Oimham  Land,  for  the  coast  changed  its  direction  here  and  turned 
towards  the  son th-sonth- west.  We  rounded  this  point,  and  left  for  the 
time  the  Btrait  which  oonneots  Hughes  galf  and  tiie  Paoifio. 
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At  10  ft.m.  we  made  onr  twentiotli  landing  on  the  Padfio  Eilope  of 
the  Needles,  vhioli  form  the  noTthern  cape  uf  Oraham  Land,  to  make 
magnetio  and  astronomical  obeervations  and  ooUeot  what  objects  of 
interest  we  oonld  find.  This  landing-place  (XX  on  map.  Fig.  2) 
waa  quite  similar  to  that  on  the  ooast  west  of  the  sierra.  In  places 
the  beaoh  was  quite  free  from  snow;  elsewhere  there  were  little 
glaciers  clinging  to  the  slopes  of  the  monutain  and  terminating  sea- 
wards in  olitb  of  ioe.  The  steep  rooky  slopes  above  were  ahaolntely 
bare  up  to  a  height  of  700  or  1000  feet,  and  beyond  that  rose  fields  of 
tthi.  Cook  and  I  climbed  a  little  ridge  running  at  right  angles  to 
the  range  of  the  \eedleH.  An  inclined  plain  of  snow,  intermptod  here 
and  there  in  the  upper  part  by  tronsrerse  orevaases,  whiob  w^te  easily 
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crossed,  led  us  to  the  rooky  wall,  which  there  was  no  difficult  in 
climbing,  thanks  to  the  numerous  joints  widened  by  weathering  so  as 
to  cut  up  the  face  of  rook  into  superimposed  blooks,  and  thanks  also 
to  the  narrow  chimneys  down  which  the  d^rU  of  the  rook  slipped.  It 
is  remarkable  that  these  rocks  remained  quite  bare  at  an  elevation  for 
above  the  snow-line.  It  is  not  eufSoiently  aooounted  for  by  the  steep- 
ness of  the  slope,  though  that  would  make  it  possible  for  only  a  small 
quantity  of  snow  to  acoumulate ;  but  the  dark  walls  were  so  strongly 
heated  by  tbo  sun  that  the  enow  was  actually  melted.  In  making  the 
ascent  we  found  that  the  low  cloud,  so  oharaoterietio  of  these  regions, 
was  very  thin  and  level  an  both  sides.  We  passed  through  the  belt  of 
mist  between  the  altitudes  of  IfiO  and  300  feet,  and  above  that  there  was 
an  absolutely  clear  sky  and  dazzling  sanshine,  while  at  our  feet  the  cloud 
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oztended  as  a  smooth  grey  sea.  If  sucb  a  condition  often  occurs,  it  is 
easy  to  see  how  the  higher  rocks  become  free  of  snow  in  summer, 
while  those  near  sea-level  remain  oovered.  At  3  p.m.  the  mist  cleared 
completely  from  the  side  of  the  land,  and  we  were  able  to  proceed, 
passing  through  a  narrow  and  beautiful  sound  which  separated  a  group 
of  islands  from  the  coast.  The  mountains  rose  almost  perpendicularly 
at  Tarious  points,  and  on  the  rocks  I  again  noticed  parallel  lines  follow- 
ing the  outline  of  the  tops  of  the  small  coast  glaciers  (a,  a,  a  on  Fig.  5 ; 
Cf  e  are  creTasses). 

The  Betgica  passed  on,  steering  south.  It  was  a  pity  to  leave  this 
most  interesting  region,  where  we  could  so  easily  collect  quantities  of 
Taloable  scientific  material,  and  of  which  we  could  have  made  a  com- 
plete geographical  study,  now  that  the  outlines  of  the  great  strait  had 
been  charted.  We  ran  close  along  the  coast  of  Graham  Land,  noting 
that  many  islets  and  rooks  extended 
to  a  ooosiderable  distance  from  the 
dunra  Many  icebergs  were  met, 
and  we  also  enoountered  a  good 
deal  of  sea-ioe.  At  8  p.m.  we 
passed  several  typical  table-bergs, 
hrge^  flat-topped,  rectangular,  the 
100  stratified  horizontally  with 
great  xegolaiity,  and  only  a  few 
narrow  vertical  crevasses  to  be 
aem.  They  rose  about  50  feet  out 
of  the  water;  about  40  feet  con- 
sisted of  ice  as  white  as  the  nSvS 
which  capped  it ;  compact  ice  was 
only  seen  near  the  base.  Just  in 
the  line  of  the  three  icebergs  of  this  kind  which  we  saw,  we  found 
an  enormotu9  flat  glacier  spreading  to  the  sea  without  any  interruption 
in  the  form  of  an  ice-fall. 

On  Sunday,  February  13,  the  coast  was  so  encumbered  with  ice 
that  we  had  to  keep  out  to  sea  towards  the  Bisooe  islands.  About 
11  aon.  we  traversed  a  little  light  pack-ice,  and  passed  near  some  table- 
bergs.  The  melting  sea-ice  had  a  dirty  yellow  colour,  and  on  examin- 
ing the  melted  ice  under  the  microscope,  Bacovitza  found  it  swarming 
with  diatoms.  We  remained  in  sight  of  the  coast,  and  more  small 
islands  appeared.  At  5  p.m.  we  sighted  a  number  of  fantastic  icebergs, 
amongst  which  I  saw  many  transitional  forms  between  the  table-bergs 
and  the  peaked  arctic  forms.  I  made  drawings  of  four  of  them  (Fig.  14). 
The  sea  was  rough,  and  the  breakers  dashed  against  the  shore  and  the 
ioebeigs.  About  8.80  p  m.  we  were  in  the  midst  of  a  labyrinth  of  rooks, 
and  there  were  also  several  low  snow-covered  islands  in  sight.  At 
10  pjn.  the  Belgiea  was  in  a  very  uncomfortable  situation,  threading  her 
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way  between  rooks  on  every  side,  on  whioli  a  beavj  sea  was  breaiking: 
tbe  position  was  about  65°  IC  S.,  64°  50'  W. 

On  Monday,  February  14,  tbe  sea  was  &ee  from  ioe,  exoept  for 
bei^,  many  of  which  were  in  sight.  We  steered  south-west,  in  the 
direction  of  a  strong  ice-blink ;  a  leas  marked  ice-blink  appeared  also 
in  tbe  east.  During  tbe  day  we  designedly  sailed  over  the  position 
assigned  to  the  Biscoe '  islands  in  the  Admiralty  Charts,  which  seem 
to  have  adapted  a  position  so  for  from  Graham  Land  by  making  an 
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error  of  one  degree  in  each  co-ordinate;  thus  Pitt  island  is  shown  in 
65°  20*  S.  and  eS"*  40'  W.,  while  Biacoe  gave  its  positiou  *  as  66°  20'  S. 
and  66°  38'  W. 

On  Tuesday,  February  15,  continuing  her  south-westerly  course,  the 
Belgica  crossed  the  Antarctic  cirole.     During  Wednesday,  Febmary  16, 


■  Journal  Boj/al  Geugrafhieol  Society,  Februaiy  1],  1833.    The  podtiou  u  give 
BiMoe'B  MS.  log-book  ia,  howerer,  6fi°  20'  8.  and  66°  36'  W. 
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we  tried  to  approach  Alexander  Land,  which,  however,  proved  to 
be  inaooeBsible  on  account  of  the  pack.  At  a  distance  of  at  least 
20  miles  from  the  land  we  obtained  a  sounding  of  74  fathoms,  with  a 
rooky  bottom,  doubtless  the  shoal  formed  by  the  destruotion  of  some 
former  island  by  marine  and  glacial  erosion.  In  the  evening  the 
sky  beoame  quite  dear,  and  we  were  able  to  see  a  large  island  in  the 
easty  and  the  extremity  of  Alexander  Land.  The  island  seemed  to 
mark  the  termination  of  Qraham  Land,  for  the  coast  beyond  it  seemed 
to  torn  towards  the  east.  It  may  be,  therefore,  that  there  is  a  strait, 
or  at  least  a  gulf,  between  the  two  lands.  We  could  not  say  positively 
that  we  saw  the  south  coast  of  Graham  Land,  because  the  distance  was 
too  great.  The  island  formed  a  mountain  chain  with  many  valleys 
entirely  filled  with  glaciers,  but  the  forms  of  the  mountains  were  not 
those  of  the  north.  I  saw  no  sharp  crests;  there  were  rather  great 
pyramidal  masses,  their  lower  slopes  having  the  appearance  of  terraces — 
no  doubt,  hills  buried  in  snow.  All  round  the  island  a  great  plain  of 
ic^  sloped  outwards,  and  merged  into  the  surrounding  pack.  Alexander 
Land,  in  the  south,  was  a  mountainous  aggregate  over  which  very  lofty 
peaks  rose  majestically ;  it  tended  north  and  south,  and  was  lost  to 
view  vaguely  on  the  horizon.  A  cape  was  seen  in  the  north  of  this 
land,  which  formed  the  extremity  of  an  east-and-west  chain,  though 
how  far  it  ran  to  the  east  we  could  not  see,  nor  oould  we  be  sure  that 
it  did  not  terminate  in  a  great  mountainous  mass  which  rose  beyond  it, 
and  of  which  the  chain  might  only  be  a  branch.  In  fact,  two  or  three 
other  lines  of  motmtains  seemed  to  run  parallel  to  each  other,  unless, 
indeed,  these  lines  are  only  those  of  important  valleys ;  anyhow,  there 
is  a  great  mass  of  high  land  in  the  south-east.  Towards  the  south  the 
mountains  qeem  to  become  lower  and  of  more  gentle  outline.  It  is 
worthy  of  notice  that  here  also  a  plain  of  ice  of  gentle  slope  lies  at 
the  base  of  the  mountains,  the  glaciers  merging  into  it  from  above,  the 
plain  itself  merging  into  the  sea-ioe  studded  with  imprisoned  icebergs. 
In  Alexander  Land  the  glaciers  thus  fail  to  reach  the  sea,  for  they 
coalesoe  together  into  one  great  ice-foot,  the  existence  of  which  fully 
explains  the  numerous  tabular  bergs  which  we  encountered  during  the 
last  two  days.  The  great  difference  in  the  configuration  of  Alexander 
Land  and  the  land  we  had  seen  further  north  may  very  probably  be 
aooonnted  for  by  the  fact  that  Alexander  Land  lies  outside  the  region 
of  subsidence.  Alexander  Land  has  a  wider  basis  than  the  Palmer 
archipelago  or  the  northern  part  of  Graham  Land ;  it  possesses  a  con- 
tinuous coast-line  in  place  of  mountains,  plunging  perpendicularly 
into  the  sea.  The  continuous  coast-line  seen  from  a  distance  may 
indeed  be  broken  into  bays  and  capes  in  detail,  but,  even  if  so,  all 
these  irregularities  are  buried  under  the  uniform  plain  of  the  ice-foot. 
But,  on  the  other  hand,  we  do  not  know  what  the  scenery  of  the 
laoda  discovered  by  the  Belgiea  would  be  like  if  they  were  restored 
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to  their  aspect  of  the  glacial  epoch  under  a  burden  of  ice  as  heavy 
as  that  which  bears  npon  the  remote  Antarctic  solitudes  of  Alexander 
Land.* 

*  There  is  a  vexy  notioeable  differenoe  between  my  desoription  of  Alexander  Land 
and  that  given  by  Dr.  Cook  in  his  work,  *  Through  theiFint  Antarotio  Night.*  I  cannot 
diflousB  the  question  from  memory,  and  the  only  thing  that  I  oan  say  is  that  all  my 
notes  were  written  on  the  spot  from  day  to  day ;  that  I  haye  always  made  a  point  of 
giving  correct  descriptionB  and  noting  down  exactly  my  first  impressions.  Oook  says 
in  his  book  that  Alexander  Land  forms  a  group  of  idands,  the  largest  of  which  is 
about  18  miles  long,  and  that  the  mountains  of  this  island  attain  a  height  of  at  least 
4500  feet,  etc.  ...  It  is  always  very  agreeable  to  be  able  to  furnish  measurements, 
but  when  these  measurements  are  simply  based  on  estimate  they  do  barm.  It  may 
be  that  the  length  of  coast-line  visible  towards  the  south  was  86  miles,  and  it  is  not 
improbable  that  the  summits  of  Alexander  Land  reach  a  height  of  9000  feet,  or  even 
more.  The  fact  is  that  we  made  no  measurements,  and  that  we  have  little  to  add  to 
the  description  as  given  by  Bellingshauseu. 
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Topography  of  South  Victoria  Land  (Antarctic).* 

By  Louis  Bernacchi. 

The  oonoeption  of  a  great  terra  Austrcdis  incognita  has  been  proved 
to  be  equally  erroneous  with  the  conjeotnre  that  no  land  whatever,  or 
of  only  trifling  extent,  was  to  be  fonnd.  It  has  been  proved  that  ex- 
tensiYe  masses  of  land  exist  within  the  antarctio  circle ;  bnt  whether 
the  land  takes  the  form  of  a  vast  continent,  or  an  archipelago  of 
islands  smothered  nnder  an  overload  of  frozen  snow  which  conceals 
their  insularity,  or  islands  whose  shores  are  washed  by  the  ocean, 
remains  still  an  enigma,  and  a  fascinating  one  to  be  solved  by  fntnre 
expeditions.  It  is,  I  think,  premature  to  call  it  "  the  Antarctic  Con- 
tinent," for  explorations  on  the  American  side,  and  even  on  that  of 
Australia,  tend  to  prove  the  existence  of  a  broken-up  continuation  of 
these  two  continents  with  the  most  extensive  masses  of  land  lyiug 
under  their  respective  meridians. 

The  coasts  of  Wilkes  Land  and  the  Balleny  islands  appear  to  be  a 
duplicate  of  the  Australian  coast,  so  the  gigantic  mountain  range  to 
which  the  coast  of  South  Yictoria  Land  rises  seems  to  correspond  to  the 
mountain  chain  of  New  Zealand ;  while  the  volcanic  extremity  of  the 
Cordilleras  of  South  America  finds  its  counterpart  in  the  broken  and 
scattered  island  masses  also  bearing  volcanoes  to  the  south  of  Cape 
Horn.  The  prolongation  of  the  volcanic  ring,  or  *•  circle  of  fire,"  from 
New  Zealand  to  Balleny  islands.  South  Yictoria  Land,  aod  right  across 
to  the  American  side,  seems  to  support  this  theory.  Prof.  Ar9towski,  of 
the  Bdgica  Expedition,  has  suggested  that  "  Graham  Land  is  connected 
with  Patagonia  by  a  submarine  ridge,  which  forms  a  great  arc  extending 
between  Cape  Horn  and  the  South  Shetland  islands,  and  that  the  tertiary 
chain  of  the  Andes  reappears  in  Graham  Land." 

Although,  perhaps,  the  explorations  of  the  Southern  Cross  have 
not  thrown  much  light  on  this  matter,  the  great  mass  of  geological 
specimens  collected  might,  if  properly  dealt  with,  assist  very  materially 
in  arriving  at  a  better  knowledge  of  the  conditions  of  things.  The 
ship  Southern  Cross  of  the  Newnes  Expedition  entered  the  antarctic  ice- 
pack on  the  last  day  of  the  year  1898,  and  was  nearly  fifty  days  before 
penetrating  to  the  ocean  beyond,  during  which  time  she  thrice  crossed 
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and  rectosBod  the  antarotio  circle.  This,  with  the  exocpiion  of  the 
Hetgica,  is  the  longest  period  a  ship  has  ever  been  involved  in  that  pack. 
Our  long  imprisonment  was  due  to  having  entered  it  so  far  west,  in 
long.  158°  53'  E.,  where  it  is  very  dense  and  heavy. 

On  first  entering,  ice  was  visible  to  the  horizon  in  the  south  and 
west,  whilst  in  the  east  and  south-east  there  was  open  water.  Our 
experiences,  and  those  of  other  expeditions,  tend  to  prove  that  the  ice- 
pack on  the  Australian  side  of  the  antarctic  circle  is  not  nearly  so  dense 
in  an  easterly  as  it  is  in  a  westerly  direction.  Ships  that  have  entered 
the  pack  in  about  170*^  E.  long,  have  penetrated  it  in  a  few  days, 
whilst  those  entering  it  between  150*^  and  165*^  E.  have  taken  more 
than  a  month.  There  are  numerous  instances  in  the  history  of  antarctic 
navigation  which  go  to  prove  this.  A  strong  cold  surface  current 
appears  to  set  out  from  Boss  sea  in  a  north-westerly  direction,  driving 
the  ice  up  northwards,  between  Kerguelen  island  and  Australia.  At 
Cape  Adare  huge  bergs  were  often  observed,  during  perfectly  calm 
weather,  travelling  at  about  4  knots  an  hour  towards  the  north-west. 
The  prevailing  south-east  winds  are  also  a  factor  in  driving  the  ice  in 
that  direction. 

The  sea-ice,  which  constitutes  the  bulk  of  the  pack,  is  first  formed 
by  the  freezing  of  the  sea  in  the  winter  along  the  shores  of  the  antarctic 
lands.      This  freezes  to  an  average  depth  of  from  4  to  5  feet,  and 
extends  out  into  the  ocean  for  perhaps  50  miles,  until  the  formation  of 
an  uninterrupted  sheet  of  ice  is  prevented  by  its  perpetual  violent 
agitation.     This  ice  begins  to  break  up  early  in  November,  and  move 
northwards,  and  by  the  middle  of  January  the  coasts  are  almost  free. 
As  this  body  of  sea-ice  moves  towards  the  north,  it  is  frequently  driven 
back  by  northerly  winds.     Thus,  in  consequence  of  the  circumstance 
that  land  lies  to  the  south,  which  excludes  the  possibility  of  more  sea- 
ice  following  in  support,  an  open  sea,  comparatively  free  from  ice,  is  met 
with  in  the  antarctic  regions  almost  regularly  when  the  principal  zone 
of  pack-ice  has  been  pierced.     Serious  danger  from  ice-pressure  in  the 
open  pack  is  comparatively  slight.     Once,  on  January  24,  a  rather 
severe  pressure  set  in  during  a  gale  from  the  E.S.E.,  when  the  Southern 
Cross  was  fast  wedged  in  the  ice.     On  the  port  side  the  blocks  piled  up 
to  a  height  of  nearly  15  feet,  and  on  that  side  the  ship  was  lifted  4  feet 
out  of  the  water,  but  at  no  time  were  we  anxious  for  her  safety.     The 
pack,  very  susceptible  to  a  gale,  drives  before  it,  and  so  there  is  really 
no  danger,  for  there  is  no  resisting  force.     But  woe  betide  a  ship  that 
ventures  to  winter  near  the  coast,  unless  it  be  a  well-sheltered  inlet,  for 
when  a  pressure  sets  in  there,  it  piles  the  huge  blocks  of  ice  up  on  the 
shore  to  from  20  to  60  feet,  and  a  ship  would  surely  be  crushed,  no 
matter  how  strongly  she  may  be  built.     A  real  source  of  danger,  how- 
ever, is  a  gale  or  a  very  heavy  swell  on  the  edge  of  the  pack,  when 
huge  masses  o£  ice  crash  into  the  sides  of  the  ship  with  terrific  force, 
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oatiBing  the  tall  masts  to  quiver  for  some  seconds  after  the  shocks,  or 
the  mighty  blocks  grind  in  against  the  sides  as  they  pass. 

At  noon  on  January  12,  a  faint  grey  light  was  sighted  on  the  port 
bow.  At  one  time  it  looked  like  a  cloud,  at  another  it  had  the 
appearance  of  land.  Finally  it  proved  to  be  land,  and  very  high  land 
too.  Our  latitude  at  the  time  was  66°  3'  S.,  and  longitude  161°  43'  E., 
the  land  bearing  S.  20°  E.  true,  distant  about  70  miles.  The  day  was 
beautifully  clear,  and  not  a  breath  of  air  stirred  a  ripple  on  the  glcu9sy 
patches  of  water.  The  land  was  at  first  taken  by  the  captain  to  be 
some  undiscovered  island.  I  went  up  into  the  crow's-nest  to  have  a 
better  look-out ;  the  captain  was  there  in  a  great  state  of  excitement,  so 
convinoed  was  he  that  he  had  discovered  new  land.  Most  of  us,  how- 
ever, were  extremely  scepticcJ  and  could  not  participate  in  his  elation. 
It  seemed  improbable  that  such  an  able  navigator  as  Sir  James  Eoss, 
who  actually  went  over  the  same  ground,  should  have  missed  this 
discovery.  When  we  perceived  a  dull  volume  of  smoke  rising  from 
the  east  end  of  the  land,  undoubtedly  the  smoke  of  a  volcano  in  activity, 
we  decided  it  was  one  of  the  Balleny  islands  upon  which  Balleny 
mentions  the  presence  of  an  active  volcano.  As  we  a2)proached  closer, 
the  outline  of  the  land  became  admirably  clear  and  defined. 

Owing  to  the  abundance  of  light  reflected  from  the  white,  glitter- 
ing snow-clad  surface,  few  shadows  were  cast  on  any  part  Observed 
through  the  telescope,  abundant  detail  could  be  made  out.  A  vast 
mantle  of  snow  descended  to  within  600  or  800  feet  of  the  sea,  and 
there  ended  abruptly.  On  account  of  the  great  refraction  and  the 
very  sharp  contrast  between  the  immaculate  white  of  the  snow  and 
the  jet-black  of  the  cliffs,  this  snow-line  was  easily  traced  right  along 
the  land  even  with  the  naked  eye.  From  the  appearance  of  its  edge, 
the  snow-cap  must  have  been  some  hundreds  of  feet  thick.  At  the 
west  extremity  was  a  high  truncated  headland,  and  above  this  head- 
land to  the  east  was  a  peak  some  10,000  feet  high,  with  a  largo  and 
apparently  inactive  crater  at  its  summit.  At  the  east  end  the  land 
was  comparatively  low,  and,  from  its  blue  appearance,  at  a  great 
distance  from  us.  It  was  from  this  part  that  the  dark  volumes  of 
smoke  issued  at  intervals.  Low  down  in  the  eastern  horizon  were 
snow-dad  pinnacles,  only  discernible  by  the  aid  of  the  telescope.  Out- 
wardly the  land  exhibited  a  naked,  desolate  appearance,  a  volcanic 
desert,  covered  with  ice  and  snow,  and  so  surrounded  with  ice  ejected 
from  the  glaciers  and  forced  on  to  the  shores  by  the  north-west  current, 
that  it  is  difficult,  if  not  impossible,  to  examine  the  coast  very  closely. 
We  approached  to  within  40  miles  of  the  land,  and  then  progress  was 
completely  stopped  by  huge  blocks  of  ice,  which  had  evidently  only 
quite  recently  rolled  down  from  the  lofty  peaks.  Wo  moored  to  a  floe, 
and  decided  to  wait  until  the  ice  opened  up,  and  so  allow  the  ship  to 
approach  closer  to  the  shore.    Plans  were  made  for  landing  the  next 
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day,  if  possible,  and  it  was  intended  to  send  a  short  sledge  expedition 
into  the  interior  to  investigate  the  oonntry.  Bnt  the  next  day  a  gale 
arose,  and  the  ship  was  compelled  to  steer  northwards  to  more  open 
water,  as  it  was  dangerous  to  remain  in  the  vicinity  of  snoh  heavy  ice. 
A  dense  fog  hung  over  the  sea,  completely  blotting  the  land  from 
sight ;  and  so,  as  there  appeared  but  little  possibility  of  making  land  in 
that  kind  of  weather,  and  there  being  no  likelihood  of  it  clearing,  it 
was  decided  to  abandon  the  idea  and  to  proceed  on  onr  way  to  Cape 
Adare.  Thus  all  our  nicely  arranged  plans  made  the  day  before  were 
frustrated. 

Towards  the  evening  of  January  28,  the  clouds,  which  for  days 
had  persistently  obscured  our  horizon,  lifted  and  disclosed  to  our 
eyes  the  rugged  outline  of  a  mountainous  land  to  the  south.  Nothing 
could  look  more  inhospitable.   At  this  time  (10  p.m.)  the  east  extremity 


ONE    OF    TUB    B ALLEN Y    ISLANDS,    LAT.    (OP    SHIP)  65°  3'  8.,  LONG.   161°  43'  E.    CKXTRE 
OF  ISLAND  BEARING  8.  20°  £.   TRUE,  DISTANT  ABOUT  50  MILES. 

was  bearing  S.  26°  E.  true,  and  the  west  extremity  S.  45°  W.  true. 
Our  latitude  at  noon  was  66°  46'  S„  long.  165°  40'  E.,  and  variation  of 
compass  30°  E. ;  the  land  at  that  time  being  distant  about  40  miles. 
There  is  little  doubt  that  the  land  we  sighted  was  one  of  the  Bussel 
islands  discovered  by  Sir  James  Boss  in  1841.  It  has  been  suggested 
that  the  Balleny  islands  and  the  islands  seen  by  Boss  near  them  were 
identical.  We  have  proved  that  they  were  groups  quite  apart  The 
Bcdleny  islands  were  discovered  on  February  9,  1839,  and  consisted  of 
three  islands.  The  west  cape  of  the  middle  island  lay  in  lat  66°  44'  S. 
and  long.  163°  11'  E.  Buckle  island  was  in  active  eruption  in  two 
places  when  Balleny  saw  it.  To  the  east  of  it  lies  Sturge  island,  which 
is  cone  shaped,  whilst  Young  island  is  the  largest  and  highest  of  the 
group.  Boss's  discovery  lies  more  to  the  south-east  The  position  of 
Bussel  Peak,  according  to  Boss,  was  lat.  67°  28'  S.  and  long.  166°  30'  R, 
with  which  our  observations  agree.  Those  observations  were  very 
carefully  taken  in  an  artificial  mercury  horizon,  placed  on  the 
surface  of  a  large  icefloe,  by  Lieut.  Colbeck  and  myselfL  I  have 
mentioned  this  in  justice  to  Lieut.  Colbeck,  whose  observations  have 
evidently  been  miscopied   from    his  original  observation  book,  and 
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have  appeared  in  the  reoent  pnblioation,  *  First  on  the  Antarctic  Con- 
tinent.* in  a  somewhat  qnaint  and  nnnsnal  form. 

The  following  day  being  fine,  the  land  was  plainly  visible.  It  was 
not  more  than  40  miles  from  us,  and  was  covered  with  vast  piles  of  snow 
whioh  never  melts,  and  seems  destined  to  last  as  long  as  the  world  holds 
together.  '  At  the  east  end  of  the  island  a  high  cape  fell  perpendicularly 
into  the  sea.  The  west  end  sloped  up  gradually  from  the  water's  edge 
to  a  lofty  peak  (Hussel  peak),  which,  as  far  as  could  be  estimated,  was 
10,000  feet  high,  and,  where  not  covered  with  snow,  terminated  in  sharp 
And  jagged  ridges  of  a  very  dark  colour.  The  whole  range  was  of  a 
serrated  nature,  and  the  snow-cap  extended  to  the  water's  edge,  whereas 
on  the  land  we  had  sighted  a  few  days  back  it  did  not.  The  whole  of 
the  north  side  presented  to  our  view  was  precipitous,  and  in  some  places 
di£b  between  500  and  1000  feet  high  fell  sheer  into  the  sea ;  it  would 
have  been  vain  to  attempt  a  landing. 

On  February  17,  Cape  Adare  (lat.  71°  18'  S.)  was  reached,  a  cape  of 
a  very  dark  basaltic  appearance,  with  scarcely  any  snow  lying  upon 
it,  thus  forming  a  strong  contrast  to  the  rest  of  the  snow-covered  coast. 
This  lack  of  snow  is  principally  due  to  the  very  exposed  position  of  the 
cape  to  the  south-east  winds,  and  perhaps  also  to  the  steep  and  smooth 
nature  of  its  sides,  which  afford  no  hold  for  any  snowfall.  The  most 
striking  features  of  this  new  world  were  its  stillness  and  deadness,  and 
impassibility.  No  token  of  vitality  anywhere ;  nothing  to  be  seen  on 
the  steep  sides  of  the  mountains  but  rock  and  ice.  Ilere  and  there 
enormous  glaciers  fell  into  the  sea,  the  extremities  of  some  many  miles 
in  width.  Afterwards,  when  the  mist  had  cleared  away,  more  than  a 
dozen  were  counted  around  Bobertson  bay.  As  we  approached,  the 
sounding-line  was  kept  going,  but  there  was  deep  water  close  in  to  the 
shore.  Indeed,  there  is  little  danger  of  finding  banks  or  outlying  sub- 
merged rocks  anywhere  along  the  coast  of  South  Victoria  Land.  The 
"  Dunraven  rocks,"  indicated  on  Boss's  chart  as  lying  off  Cape  Adare, 
and  over  which,  Boss  states,  the  seas  were  breaking  when  he  observed 
them,  apparently  do  not  exist;  for,  although  a  most  careful  search 
was  made  for  them  during  the  twelve  months  we  were  at  Cape  Adare, 
they  were  never  seen.  If  they  exist,  they  could  not  have  failed  to 
betray  their  presence  during  boisteroas  weather.  Could  it  have  been  a 
large  rotten  submerged  mass  of  ice  that  Boss  mistook  for  rocks  ?  With 
the  exception  of  one  place  where  a  pebbly  bank  could  be  seen,  basaltic 
cliffs  rose  sheer  out  of  the  water  to  an  average  height  of  about  500  feet. 
The  place  upon  which  we  had  landed  was  a  triangular-shaped  and 
undulating  bank  or  platform  of  detritus,  the  centre  of  whioh  was  a1)ont 
20  feet  above  the  water-level,  and  the  whole  area  some  180  acres.  It 
was  formed  of  rounded  boulders,  pebbles,  gravel,  and,  near  the  mountain- 
side, angular  masses  of  dSbria,  How  this  bank  first  came  to  be  formed  is 
diffionlt  to  determine  for  one  who  is  no  geologist;  possibly  it  is  the 
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result  of  glacier  action  of  some  kind,  or  is  simply  a  raised  beaoh. 
Many  stones,  however,  are  blown  down  from  the  summit  of  the  cape  by 
the  furious  winds  which  sweep  over  those  regions  all  the  year  round. 
The  alternate  expansion  and  contraction  caused  by  seasonal  and  rapid 
daily  changes  in  temperature  is  the  principal  cause  in  disintegrating 
the  cliffs.      The  vicissitudes  in  temperature   during  the  year,  more 
especially  during  the  winter,  are  at  times  extreme  and  astonishing. 
We  have  witnessed,  in  the  middle  of  winter,  the  temperature  alter 
in  a  few  hours  from  —36°  Fahr.  to  +25*^  Fahr.     Ice  forming  in  the 
cavities  of  the  rocks,  at  a  few  degrees  below  the  freezing-point,  exerts 
an  enormous  disruptive  force.     The  volcanic  rocks,  being  all  porous,  in 
the  summer  collect  much  moisture ;  when  the  temperature  falls,  they 
have  their  particles  pushed  asunder  by  the  freezing  of  the  interstitial 
water.     The  observed  amount  of  destruction  thus  caused  is  enormous ; 
large  blocks  of  stone  are  split  off  and  launched  to  the  base  of  the 
declivities.     Some  measure  of  its  magnitude  in  those  regions  may  be 
seen  in  the  heaps  of  angular  rubbish  at  the  foot  of  the  crags  and  steep 
slopes  all  along  the  coast.     There  are  mauy  places  where  soil  might 
form  if  it  were  not  for  the  action  of  the  winds,  which  blow  all  the  finer 
disintegrated  particles  into  the  sea.     The  winds,  blowing  with  cyclonic 
force,  are  so  strong  that  loose  rocks  on  the  face  of  the  cliff  are  hurled 
down,  and  blocks  of  stone  and  loose  gravel  swept  away.     Gravel  and 
pebbles  were  heaped  up  in  mounds  and  ridges.     In  some  places  these 
ridges  coalesced  so  as  to  enclose    basin-shaped    hollows,   that   were 
filled  with  strong-smelling  liquid  matter,  which,  in  the  winter,  froze 
solid.     Some  of  these  hollows  were  more  than  100  yards  in  diameter. 
Bleached  remains  of  thousands  of  penguins  were  scattered  all  over  the 
platform,  mostly  young  birds  that  had  succumbed  to  the  severity  of 
climate.      Thousands  of  years  hence,   if  the  species  should  become 
extinct,  those  remains,  frozen  and  buried  among  the  dSbris^  will  be 
available  as  a  proof  of  what  once  existed  in  those  gelid  regions,  now 
just  habitable,  then,  perhaps,  not  at  all.     That  same  night  Mr.  Evans 
and  I  climbed  to  the  summit  of  Cape  Adare  (860  feet  by  aneroid).     By 
following  a  ridge  of  craggy  rocks  we  found  the  climbing  tolerably  easy, 
and  reached  the  top  in  less  than  an  hour.     The  scene  before  us  looked 
inexpressibly  desolate.    A  more  barren  desert  can  scarcely  be  conceived, 
but  one  of  immense  interest  from  a  geological  point  of  view.     From  the 
end  of  the  cape  to  the  foot  of  the  mountain  beyond,  a  great  waste  of 
hollows  and  ridges  lay  before  our  eyes — ridges  rising  beyond  ridges 
like  ocean  waves  whose  tumult  had  been  suddenly  frozen  into  stone. 
Beds  of  snow  and  ice  filled  up  some  of  these  extensive  hollows,  which 
had  been  scooped  out  by  glacier  action.     Innumerable  large  erratic 
boulders  lay  scattered  about,  which  had,  no  doubt,  been  transported  to 
their  present  positions  by  the  ice-sheets  from  places  many  miles  away. 
One  huge  boulder,  which  rested  on  the  outer  edge  of  a  great  basin 
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aoooped  ont  of  the  volcanic  rock,  was  of  grey  granite,  and  about  10  feet 
in  girth;  some  other  bonlders  were  of  a  green  formation  resembling 
diorite.  In  the  eroded  beds,  and  among  the  dSbria^  we  found  numerous 
pieces  of  quartz  with  bluish  streaks  running  through  them.  I  was 
espedally  struck  by  its  resemblance  to  some  auriferous  quartz  met  with 
in  Australia.  We  also  picked  up  pieces  of  pink  and  red  granite,  and  a 
hard  greyish  stone  of  the  consistency  of  flint. 

I  wish  to  refer  here  to  a  statement  made  after  the  return  from  the 
south  polar  seas  of  the  whaling  ship  Antarctic  in  1895,  to  the  effect  that 
"  the  intercalation  of  lava  and  ice  had  been  observed  at  Cape  Adare, 
and  that  in  one  place  the  lava-flow  appeared  quite  fresh.'*  This  state- 
ment has  been  very  widely  accepted  as  authentic.  Sir  Archibald 
G^eikie  has  referred  to  it  in  numerous  geological  papers,  more 
especially  in  his  address  before  the  Antarctic  Congress  in  1898.  Dr. 
Karl  Frioker  also  makes  mention  of  it  in  his  work  on  the  antarctic 
regions.  Unfortunately,  the  statement  is  absolutely  without  foundation, 
for  there  is  no  sign  of  the  intercalation  of  lava  and  ice  in  the  old 
eruptive  formation  at  Cape  Adare,  nor  anywhere  else  along  the  coasts 
of  South  Victoria  Land,  unless  it  be  in  the  vicinity  of  Mount  Erebus. 

As  we  are  dealing  here  exclusively  with  the  topography  of  the 
antarctic  lands,  I  will  pass  over  everything  which  is  not  related  to  the 
subject.  On  August  14, 1899,  a  sledge  party  set  out  from  the  hut  at 
Cape  Adare  for  the  purpose  of  exploring  the  southern  extremity  of 
Robertson  bay.  No  doubt  it  would  have  proved  more  valuable  and  in- 
teresting to  have  investigated  the  shore-line  in  the  direction  of  Smith's 
inlet  and  Cape  North,  and  examined  closely  the  whole  contour,  which 
might  have  yielded  geographical  and  geological  discoveries  of  much 
value.  Besides  this,  the  accurate  astronomical  positions  of  headlands, 
inlets,  glaciers,  etc.,  could  have  been  laid  down,  and  soundings  taken 
through  the  numerous  open  seal-holes.  We  reached  what  we  thought 
to  be  our  destination  very  late  at  night,  and  camped  between  two  walls 
of  ice.  These  walls  of  ice  puzzled  us  considerably,  and  it  was  not  until 
the  following  morning,  when  we  had  climbed  to  the  summit  of  one  of 
these  barriers  and  were  able  to  get  a  view  of  our  surroundings,  that  we 
discovered  we  had  steered  a  wrong  course  during  the  previous  night, 
and,  in  the  darkness,  had  run  into  a  kind  of  inlet  between  two  huge 
tongues  of  ioe  5  or  6  miles  further  down  the  coast — a  veritable  cul-dc-sac. 
These  tongues  of  ice,  which  were  the  seaward  prolongation  of  two 
great  rivers  of  compact  crystalline  ioe  creeping  down  from  the  doej) 
mantle  of  snow  and  ice  enveloping  that  polar  land,  extended  out  into 
the  bay  for  a  distance  of  3  miles,  and  were,  perhaps,  half  a  mile  broad. 
Two  glaciers  traversing  convergent  valleys  united  at  a  point  about 
G  miles  above  one  of  these  tongues,  and  the  lateral  moraine  stuff,  which 
oould  be  easily  traced  on  one  side  of  each,  coalesced  and  formed  a  broad 
and  oonspicuous  medial  moraine  down  the  centre.    Much  of  the  moraine 
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rubbish,  however,  was  ooncealed  by  the  loose  snow  on  the  sar&oe.  I 
measured  the  height  of  the  ioe-ramparts  in  several  plaoes  by  oarefdlly 
markiug  out  a  base-line  on  the  frozen  surface  of  the  sea,  and  observing 
the  angles  of  elevation  with  the  sextant ;  the  average  height  was  about 
90  feet.  Of  course  the  icebergs  formed  in  Robertson  bay  do  not  attain  any- 
thing like  the  dimensions  of  those  drifting  up  &om  farther  south,  where 
the  glaciation  is  so  much  greater.  On  the  lee  side  of  the  ice-tongues  great 
piles  of  snow-drift  were  accumulated  by  the  east-south-east  winds,  aud 
heaped  up  almost  on  a  level  with  the  summit  of  the  wall.  The  sea-ice 
around  the  extremities  of  the  tongues  was  very  little  cracked  or  crushed 
together,  thus  indicating  that  the  movement  of  the  glaciers  was  not, 
at  that  time  of  the  year,  very  considerable. 

The  glaciers  of  the  antarctic  do  not,  I  think,  move  rapidly  at  any 
time  of  the  year.  In  this  respect  they  are  very  different  to  those  of 
Greenland,  some  of  which,  I  believe,  are  the  most  rapid  moving  glaciers 
on  the  surface  of  the  globe.  No  actual  measurements  on  the  rate  of  motion 
of  the  glaciers  of  South  Victoria  Land  have  been  made,  so  that  nothing 
positive  respecting  them  can  be  advanced.  Sharp  detonations,  however, 
were  frequently  heard,  showing  that  there  was  some  movement  going 
on  in  the  mass. 

The  spot  where  we  ultimately  camped  was  a  small  islet,  which  has 
been  named  Duke  of  York  island,  and  which  is,  perhaps,  8  miles  in 
circumference,  and  surrounded  by  a  glacier  that  nearly  conceals  its 
insularity.  The  geological  formation  consists  of  a  greenish  slatey  rock 
of  very  fissile  structure,  which  is  on  the  whole  intensely  crumpled  and 
plicated.  Crystals  of  pyrites  occurred  disseminated  throughout  the  forma- 
tion, in  some  places  in  great  abundance.  The  pyrites  appeared  in  small 
cubical  perfectly  opaque  crystals,  which,  with  reflected  light,  showed 
the  characteristic  brassy  lustre  of  the  mineral.  These  crystals  appeared 
to  yield  but  slowly  to  weathering,  for  generally  the  cubical  crystal 
could  be  seen  projecting  still  fresh  from  the  stone,  which  had  no 
doubt  been  long  exposed  to  the  atmosphere,  and  a  small  blow  would, 
in  many  cases,  loosen  the  entire  crystal  from  the  rook.  The  forma- 
tion was  here  and  there  traversed  by  thick  veins  and  narrow 
threads  of  quartz,  showing  strong  evidence  of  disturbance,  and  seemed 
to  have  been  exposed  to  a  powerful  lateral  pressure ;  this  quartz 
contained  bluish  and  rusty-coloured  streaks.  In  the  crevices  of  the 
slate  rock  a  dark  soft  soapy  substance  something  like  graphite  was 
found.  In  some  places  the  stratification  formed  roads  on  the  side  of  the 
mountain  some  30  or  40  feet  in  width ;  in  other  plaoes  the  greenish 
colour  of  the  formation  was  changed  to  a  dull  brick-red,  as  if  it  had 
been  under  the  influence  of  heat.  Whether  this  is  really  caused  by 
heat  or  is  merely  the  ordinary  effect  of  weathering,  I  do  not  know ; 
I  think  the  latter  cause  is  the  most  probable.  These  red  patches  were 
conspicuous  some  miles  away,  and  were  exactly  similar  to  the  fwmatioB 
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around  them,  and,  relatively,  in  no  way  disturbed.  The  slatey  forma- 
tion extended  as  far  north  along  the  coast  as  we  examined,  which  was 
about  5  miles,  the  general  inclination  of  the  stratification  being  about 
60^  and  dipping  south.  IIow  interesting,  from  a  geological  point, 
it  would  have  been  to  follow  the  formation  round  towards  Cape  North ! 

At  a  place  about  2  miles  south  of  the  islet,*  and  right  in  the  bottom 
of  Kobertson  bay,  a  dark  eruptive  rock  of  very  great  density  and  very 
hard  flowed  over  the  sedimentary  formation,  and  thus  completely  hid 
from  view  its  southern  prolongation.  It  probably  continues  underneath 
the  lava-flows  towards  Mount  Erebus.  At  Wood  bay  it  will  probably 
be  found  outcropping  again  on  the  surface.  This  sedimentary  formation 
is  of  immense  interest ;  it  appears  to  continue  north  towards  Wilkes 
Land,  for  Dumont  D*X7rville  found  slate  rock  at  the  place  where  he 
landed  in  the  neighbourhood  of  **  Fointe  G^logie,"  and  it  possibly 
underlies  most  of  the  volcanic  rock  of  the  antarctic  lands.  This  slate 
formation  also  appears  among  the  islands  south  of  Cape  Horn.  The 
geology  of  the  antarctic  is  a  subject  replete  with  interest  for  the 
connoisseur.  In  the  extensive  sedimentary  deposits  fossils  might  be 
found  with  indications  of  a  warmer  climate  during  some  former  epoch. 

An  attempt  made  at  this  time  to  cross  the  mountain  range  was 
unsuccessful.  Indeed,  it  became  evident,  soon  after  our  landing  at  Cape 
Adare,  that  any  attempt  to  penetrate  far  into  the  interior  would  be 
futile,  owing  to  the  rugged  and  precipitous  nature  of  the  mountains 
which  had  to  be  crossed  before  reaching  the  inland  ice  visible  beyond. 
The  Admiralty  range  of  mountains  in  Eobertson  bay  is  the  most  for- 
midable range  in  South  Victoria  Land.  Bising  to  an  average  height 
of  about  7000  feet,  and  partly  free  of  snow  on  its  northern  slopes,  it  pre- 
sents an  impassable  barrier  to  a  sledge-party.  The  greatest  altitude  we 
succeeded  in  reaching  was  5200  feet,  a  little  to  the  south  of  Cape  Adare. 

On  January  28,  1900,  the  Southern  Cross  returned  to  Cape  Adare, 
and  on  February  2  we  were  all  on  board  and  steaming  southwards  along 
the  coast.  The  coast-line  from  Cape  Adare  to  Cape  DowDshire  is 
exactly  similar  to  that  of  the  north  shore  of  Bobertson  bay ;  the  same 
igneous  formation,  with  precipitous  cliffs,  and  here  and  there  pillars  of 
rock  standing  out  a  short  distance  from  the  shore. 

Early  on  the  following  morning  a  landing  was  effected  on  a  rough 
pebbly  beach  on  the  western  side  of  Possession  island.  This  island, 
which  is  the  largest  of  a  small  group,  is  low — the  highest  part,  a 
peculiar  abrupt  bluff  on  the  soilth  side,  being  about  300  feet  high.  It  is 
almost  entirely  covered  with  a  snow-cap  averaging  from  1  foot  to  20  feet 
in  thickness,  and  the  whole  island  is,  I  should  say,  about  A  miles  in 
circumference.  Many  large  rocks  were  observed  to  the  south  of  the 
larger  island,  two  being  basaltic  pillars  rising  sheer  out  of  the  sea  and 
attaining  a  height  of  about  100  feet.  In  another  rock  the  sea  had 
perforated  three  arches,  one  so  large  as  to  almost  admit  the  passage  of 
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the  ship.  Towards  noon  we  were  off  Cape  Bogel.  A  large  body  of  ice 
lay  off  it  and  at  the  month  of  Mowbray  bay,  so  we  were  compelled  to 
make  a  long  dSUmr  towards  the  east  to  avoid  it.  In  the  afternoon  Gapes 
Christie,  Cotter,  and  Hallet  were  passed,  all  bold  ragged  headlands  of 
volcanic  formation,  and  partly  free  of  snow. 

Coalman  island  was  reached  on  the  4th.  The  shore  on  the  western 
side  looked  so  precipitoas,  that  at  first  we  entertained  bat  little  hope  of 
effecting  a  landing.  At  one  place  a  perpendicular  cliff,  some  1500  feet 
high,  fell  sheer  into  the  sea ;  to  the  right  and  left  were  the  walls  of  the 
ioe-oap,  about  100  feet  high,  and  extending  for  some  distance  out  into 
the  sea.  After  some  risky  manoBUvring  in  the  surf,  we  succeeded  in 
landing  at  a  spot  at  the  base  of  the  cliff.  There  was,  however,  nothing 
to  see  except  the  walls  of  the  cliff,  the  formation  of  which  is  volcanic 
and  similar  to  that  at  Cape  Adare.  On  the  mainland,  about  14  miles 
due  west  of  Coalman  island,  we  discovered  a  kind  of  inlet  or  arm 
running  into  the  glacier  for  a  distance  of  about  3  miles.  This  spot  was 
well  sheltered  from  winds,  and  from  it  the  inland  ice-cap  was  easily 
accessible ;  but  it  was  scarcely  safe  for  a  ship,  on  account  of  the  heavy 
ice-pack,  which  is  borne  by  the  current  into  the  channel  between 
Coalman  island  and  the  mainland. 

At  noon  on  February  G,  Mount  Melbourne  was  sighted  to  the  west- 
south-west.  We  were  all  struck  by  its  extraordinary  resemblance  to 
Mount  Etna.  Kising  up  gradually  out  of  the  sea  to  an  altitude  of 
nearly  8000  feet,  with  a  canopy  of  cloud  upon  its  peak,  it  presented  an 
imposing  sight.  All  afternoon  we  steamed  down  Wood  bay,  which  runs 
much  farther  inland  than  indicated  on  Boss's  chart ;  at  the  bottom  of 
it  there  is  a  long  inlet  or  fjord,  affording  a  capital  harbour.  Late  in 
the  evening,  we  landed  on  a  pebbly  beach  at  the  foot  of  Mount  Mel- 
bourne. The  place  upon  which  we  landed  was  a  pebbly  bank  even 
larger  in  extent  than  that  at  Cape  Adare,  entirely  free  from  snow  and 
^  ponds  "  and  occupied  by  penguins  and  skua  gulls.  A  better  spot  for 
winter  quarters,  I  think  it  would  be  difficult,  if  not  impossible,  to  find 
in  those  latitudes.  It  is  the  only  place  in  South  Victoria  Land  where  a 
ship  can  winter  with  perfect  security.  From  here  there  is  quite  an 
easy  access  to  the  great  snow-cap,  not  more  than  100  feet  to  climb, 
and  a  very  gradual  gradient.  This  part  of  the  coast  is  actually  the 
closest  approach  to  the  south  magnetic  pole,  it  lying  in  an  almost 
westerly  direction  from  Wood  bay  distant  between  200  and  300  miles. 
I  do  not,  however,  wish  to  imply  that  observations  can  be  taken  in 
the  vicinity  of  the  magnetic  pole  without  much  difficulty,  for  it  is  quite 
within  th»  l)0und8  of  possibility  that  an  open  sea  may  be  encountered 
before  reaching  a  distance  of  200  miles  in  a  true  \vesterly  direction — 
that  is,  if  an  archipelago  of  islands  exists,  instead  of  a  vast  continental 

If  a  land  party  should  winter  near  Mount  Erebus  and  Terror,  tliere 
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is  ttn  eaey  way  of  oommmiioation  between  sach 
a  party  and  a  ship  wintering  in  Wood  bay 
by  means  of  an  nnintermpted  ioe-foot,  whioii, 
oommenoing  from  the  sontfaem  slopes  of  Mount 
Melboome,  oontinnes  southwards  as  far  as 
McMnrdo  bay.  The  surfaoe  of  this  ioe-foot 
is  perfectly  level,  ooTaied  with  hard  oompaot 
snow,  and  is  bnt  little  orerassed,  as  was 
actually  determined  by  two  landings  upon  its 
sorfaoe  in  the  vioinity  of  Cape  Qanss,  whioh 
is  itself  bnried  in  the  ioe-sheet. 

The  distanoe  between  UoMnrdo  bay  and 

Wood  bay  is  about   170  miles,  whleh,  with 

sledges  and  dogs,  and  suoh  fitvonrable  oon- 

ditions  of  ioe-travelling,  could  be  oovered  in 

J   eight  days.    The  surface  of  this  ioe-foot  is 

I   easily  reached  from  Wood  bay  by  going  round 

4  the  foot  of  Mount  Melbourne  from  behind. 

I   The  geological  formation  here  was  volcanic, 

ibnt  not  oompaot  or  magnetic  rook.     It  con- 
sisted mostly  of  Boorias,  no  donbt  ejected  from 
Mount  Melbourne,  which,  most  probably,  was 
^  at  one  time  a  voloano    in   activity.    Some 
S>  pieces  of  slate  were  seen  on  the  beaoh,  but, 
J   being  engc^d  in   taking  magnetic  observa- 
I   dons,  I  had  no  time  to  search  for  any  outorop 
-  of  this  formation.     The  observed  height  of 
I    Mount  Melbourne  is  T200  feot.     It  is  entirely 
■z   snow-clad,  and  rises  dixeotly  from   the  sea. 
e    The  bare  rocks  at  the  foot  of  the  mountain 
J   have  weathered  into  many  fantastic  shapes. 
<         On  Febmary  9,  we  landed  without  di£B- 
onlty  on  the  western  side  of  Franklin  island, 
on  a  pebbly  bank  similar  to  that  in  Wood  bay 
and  at  Gape  Adare.    The  whole  island  is  of 
volcanic  formation,  one  heavy  greenish  vitreous 
rock    being    especially    interesting.      From 
Franklin  island  we  steered  straight  for  Mount 
Terror,  without  approaching  McMardo  bay,  a 
close  examination  of  which  would  have  been 
of  much  value,  for  possibly  there  is  a  spot  on 
its  shores  where  a  party  might  be  able  to 
winter ;  but  the  diacovery'of  a  sheltered  inlet 
where  a  ship  conld  safely  winter  is,  I  think, 
extremely    improbable.     On    the    10th    we 
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sighted  Cape  Crozier  and  Gape  Bird  and  the  foot  of  Mount  Erebus 
and  Terror,  bnt  the  dense  masses  of  olouds  wholly  obscured  all  but  the 
immediate  ooast-line.  At  the  foot  of  Mount  Terror  we  lay  to  for  some  hours 
in  the  hope  of  getting  a  glimpse  of  the  summit  of  Mount  Erebus,  and 
procuring  a  photograph.  But  as  the  pall  of  clouds  showed  no  sign  of 
breaking,  we  waited  no  longer,  and  steamed  on  towards  Gape  Grozier, 
which  we  passed  a  little  before  midnight.  I  must  mention,  however, 
that  on  the  afternoon  of  the  following  day  the  mist  lifted  for  a  short 
time,  and  enabled  us  to  see  Mount  Erebus  from  the  deck.  Smoke  could 
be  easily  distinguished  arising  from  its  snow-dad  summit,  so  that  it 
was  evidently  not  quiescent ;  but  whether  it  was  in  a  state  of  eruption, 
as  at  the  time  of  the  visit  of  Sir  James  Boss,  we  could  not  distinguish, 
being  too  far  away.  It  was  a  most  cursory  and  imperfect  glance  that 
we  g6t,  for  the  dense  mist  soon  closed  down  again.  The  light  was  too 
bad  and  the  distance  too  great  to  procure  a  photograph  of  the  volcano. 

Soon  after  passing  Gape  Grozier,  the  mist  rose  from  Mount  Terror, 
and  we  obtained  a  fairly  good  view  of  it  from  base  to  summit.  It  is, 
of  course,  very  lofty,  but  scarcely  looks  the  height  (10,884  feet)  that 
Boss  assigns  to  it.  Strange  to  say,  its  eastern  side  was  almost  free  from 
snow,  and  on  the  same  side  were  numerous  knolls,  some  having  crater 
mouths,  and  which  at  one  time  were  the  monticules  of  the  parent 
volcano,  now  apparently  extinct.  Even  stranger  than  the  absence  of 
snow  on  Mount  Terror  was  the  presence  of  an  exceedingly  large  penguin 
rookery  at  its  foot.  This  rookery  was  occupied  by  millions  of  penguins, 
and  was  fietr  and  away  larger  than  any  we  had  previously  seen. 

The  foot  of  Mount  Terror  is  low,  and  at  the  spot  occupied  by  the 
penguins  there  is  a  kind  of  miniature  plateau  upon  which  a  party  could 
possibly  spend  a  winter,  although,  I  believe,  it  would  be  an  extremely 
severe  one.  One  of  the  greatest  difficulties,  if  not  the  greatest,  would  be  the 
excessive  cold  to  be  contended  with,  for  even  in  the  middle  of  summer, 
with  a  wind  from  the  south,  the  temperature  sinks  considerably  below 
zero;  thus,  on  February  19,  with  a  light  wind  from  the  south,  the 
temperature  fell  to  —12^*5  Fahr.  What,  then,  must  we  expect  in  the 
depths  of  winter  with  the  wind  from  the  same  direction  ? 

After  having  passed  Gape  Grozier,  Boss's  great  ice-barrier  came 
in  view,  stretching  away  out  of  sight  towards  the  east.  Scarcely  any 
natural  feature  of  the  antarctic  world  has  so  stirred  the  imagination 
and  so  roused  scientific  interest  as  the  discovery  of  this  great  ice- 
barrier.  The  most  surprising  characteristics  of  the  great  ice-barrier 
are  its  unbroken  uniformity,  its  vast  extent,  and  the  entire  absence 
of  visible  land  from  its  edge.  Imagine  a  perpendicular  wall  of  ice, 
from  100  to  200  feet  high,  suddenly  rising  up  before  yon  out  of  the 
ocean,  where  the  depth  of  that  ocean  is  measured  by  hundreds  of 
fathoms,  and  hundreds  of  miles  distant  from  any  visible  land,  for  you 
soon  lose  sight  of  Gape  Grozier  and  Mount  Terror.    There  are  no  breaks 
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in  this  wall,  and  it  is  very  little  water-worn,  proving  the  rare  occur- 
rence of  gales  from  the  north  and  the  aocompanying  high  seaa,  which 
would  otherwise  wear  huge  caves  into  it;  its  sammit  affords  abso- 
lutely no  obstacle  for  travelling  with  sledgee  and  dogs,  being  smooth 
and  level  and  bnt  little  crevaesed. 

A  theory  has  been  advanced  and  very  widely  accepted  that  the 
great  ice-barrier  is  the  front  of  a  biige  polar  ioe-oap,  which  moves  from 
the  eonth  pole  northwards.  It  has  even  been  oalonIat«d  that  the  centre 
of  tbia  polar  ioe-oap  must  be  3  miles,  and  may  be  12  miles  deep,  and  that, 
the  material  of  this  ice-maes  being  viacoas,  its  base  must  spread  ont 
under  the  croahing  pressure  of  the  weight  of  ita  oeotre,  and  the  eztmsive 
movement  thus  set  np  is  supposed  to  thrust  the  ice-cli&  off  the  land  at 
a  considerable  rate.  The  improbability  of  this  theory  is  evident  to  any 
one  who  has  carefully  observed  the  barrier  and  tbe  ice-caps  of  that  part  of 
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the  autarctic,  none  of  which  can  possibly  be  more  than  2000  feet  in  depth. 
The  following  theory  with  regard  to  the  formation  of  the  great  ioe- 
barrier  I  hope  may  bear  logical  scrutiny. 

In  the  first  place,  reasoning  from  analogy,  all  the  ice-sheets  of  South 
Victoria  Land,  due  to  the  north  and  south  trend  of  the  lofty  mountain 
ranges,  flow  towards  the  oast,  and  the  glaciers  extend  for  long  distances 
into  the  sea  in  the  form  of  huge  tongues  of  ice,  their  length  varying 
according  to  the  extent  of  glaciation  due  to  differences  of  latitude. 
Thus,  in  Robertson  bay  flat.  71°  18'  S,),  some  run  oat  into  the  sea  for 
a  distance  of  3  miles,  and  are  half  a  mile  in  width ;  whilst  near  Cape 
Gauss  (lat.  76°  S.)  they  extend  as  far  out  as  30  miles,  and  are  4  or  5  miles 
across.  These  tongues  of  ice  are  characteristic  of  every  glacier.  Why 
should  the  great  ice-harrier  be  an  exception  ?  The  huge  Parry  range 
of  mountains  runs  parallel  with  the  coast,  and  appears  to  he  simply  a 
continuation  of  the  coast-line,  for  there  is  absolutely  no  land  in  sight 
to  the  east  of  them.  It  follows  that  the  ice-sheet,  whioh  oovera  these 
mountains  and  where  the  glaciation  attains  its  maximum  dimeoBions, 
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must  flow  eastwards  in  the  same  direction  as  it  does  a  few  miles  to  the 
north  of  them.  If  the  ice  flowed  northwards  from  the  south  pole,  the 
ioe-barrier  near  Cape  Crozier  would  extend  out  into  the  sea,  just  as  do 
all  the  glaciers  of  South  Victoria  Land ;  but  this  is  not  so.  The  edge 
of  the  barrier  is  at  least  half  a  mile  behind  Cape  Crozier.  Again,  the 
surface  of  the  ice-sheet  would  gradually  rise  from  the  edge  towards 
the  south.  It  does  not,  but  rises  from  the  east  towards  the  west.  Then 
it  is  eTident  that  the  great  ioe-barrier  moves  from  the  west  towards 
the  east.  Therefore  it  appears  as  if  the  great  ice-barrier  is  nothing 
more  than  a  huge  tongue  of  ice  flowing  eastwards  into  the  ocean  for  a 
distance  of  perhaps  500  miles,  and  is  possibly  not  more  than  50  miles 
in  width;  so  that,  if  the  party  from  the  Southern  Cross,  that  landed  on 
the  barrier  in  lat.  78°  34'  S.  and  long.  164°  32'  W.,  on  February  17, 
1900,  had  continued  their  journey  farther  south,  they  might  have  come 
to  an  open  sea  on  the  other  side. 

The  heavy  ice-pack  met  with  near  this  spot  tends  to  prove  the 
existence  of  a  considerable  track  of  ocean  to  the  south,  whose  frozen 
surface  only  breaks  up  late  in  the  year  and  moves  out  and  around  the 
extremity  of  the  great  ice-tongue  or  barrier  in  the  usual  north-westerly 
direction.  If  an  extensive  land  area  were  behind,  or  farther  east,  such 
a  large  mass  of  sea-ice  would  be  impossible.  Sir  James  Boss  reported 
the  **  appearance  of  land  to  the  south,"  near  the  spot  where  we  landed 
on  the  barrier.  We  did  not,  however,  sight  any  land,  although  we  had 
exceptionally  fine  clear  weather.  I  do  not  wish  to  imply  that  it  does 
not  exist,  possibly  it  does,  and  is  either  an  island  or  the  eastern  shore 
of  a  large  deep  bight  extending  from  Mount  Terror  around  towards 
Graham  Land ;  but  I  do  believe  that  there  is  an  open  sea  between  the 
southern  side  of  the  great  ice-barrier  and  that  laud,  if  it  exists. 

There  is  one  thing  that  appears  to  go  against  the  above  theory,  and 
that  is  the  comparatively  shallow  water  found  at  the  spot  where  we 
landed  on  the  barrier,  viz.  350  fathoms.  But  can  we  reasonably  expect 
to  find  deep  water  near  the  south  pole,  where  everything  tends  to 
prove  the  existence  of  an  archipelago  of  large  islands?  The  few 
indications  which  we  possess  of  the  depth  of  the  ocean  in  this  part  of 
the  world,  seem  to  indicate  that  there  is  a  gradual  shoaling  of  the 
ocean  from  very  deep  water  towards  the  antarctic  lands.  The  ice-barrier 
in  long.  164°  W.  is  distinctly  dififerent  in  appearance  to  that  observed 
further  west.  Its  outlines  were  more  broken  and  full  of  indentations ; 
the  elevation,  too,  was  no  more  than  60  or  80  feet.  The  fact  that  the 
position  of  the  ice-barrier  where  we  landed  upon  it  was  found  to  be 
many  miles  further  south  than  reported  by  Boss  is  possibly  due  to  a 
lai^  portion  of  the  barrier  having  here  broken  ofif  and  drifted  away  in 
the  form  of  huge  icebergs.  Or,  again.  Boss  might  not  have  approached 
the  barrier  very  closely  at  this  particular  spot,  his  highest  south  point 
being  30  miles  more  to  the  east. 
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Before  the  reading  of  the  paper,  the  Pbesidbnt  said :  I  think  I  can  promiae 
you  a  yery  iDteresting  paper  from  Mr.  Bernacchi.  He  is  a  young  independent 
observer,  and  I  think  a  yery  shrewd  observer,  and  he  has  had  the  great  advantage 
of  observing  in  a  most  interesting  part  of  the  antarctic  regions  which  has  not 
previously  been  visited  for  nearly  sixty  years.  I  will  ask  Mr.  Bernacchi  to  read 
his  paper  on  the  Topography  of  South  Victoria  Land. 

After  the  reading  of  the  paper,  the  Pbesiobmt  said :  In  introducing  Mr.  Ber- 
nacchi, I  forgot  to  mention  what  I  had  promised  to  state,  namely,  that  the  reading 
of  Mr.  Bernacchi's  paper  had  the  full  consent  of  his  former  chief,  Mr.  Borchgre^nk. 
We  hope  that  Sir  Joseph  Hooker  may  be  disposed  to  make  some  remarks  on  the 
views  expressed  by  Mr.  Bernacchi. 

Sir  Joseph  Hookeb  :  I  have  listened  with  very  great  pleasure  to  this  most 
interesting  and  clear  account  of  Mr.  Bernacchi*s  of  the  phenomena  that  he  has 
witnessed  in  the  antarctic  seas  and  lands.  So  far  as  my  very  vivid  recollection 
carries  me,  they  precisely  agree  with  what  I  saw  myself  now  upwards  of  sixty 
years  ago,  put  in  a  very  clear  and  most  instructive  manner.  Of  course^  the 
great  interest  of  the  voyage  and  observations  is  that  great  ice-barrier.  That  ice- 
barrier,  I  think  I  may  safely  say,  presents  the  most  remarkable  unsolved  glacial 
problem  in  the  world,  and  there  has  been  really  no  satisfactory  explanation 
given  of  it.  That  which  Mr.  Bernacchi  has  put  forward,  which  he  very  vdsely 
regards  as  a  mere  speculation,  is  a  very  ingenious  one,  and  it  may  be  a 
true  one,  but  it  is  exceedingly  difficult  to  conceive  any  amount  of  nM  in  the 
Parry  mountains  driving  a  body  of  ice  of  that  dimension  over  300  miles.  It  is 
practically  a  plane  surface,  and  we  know  nothing  like  it  in  any  other  part  of  the 
world.  Then,  again,  with  regard  to  there  being  water  on  the  southern  slopes 
of  this  barrier,  is  it  not  a  fact  that  on  no  occasion  did  Mr.  Borchgrevink  see 
anything  like  a  water-blink  in  the  sky  in  that  direction?  If  there  had  been 
much  water  within  any  reasonable  distance  to  the  southward,  I  think  we  could 
not  fail  to  perceive  a  water-blink  in  the  sky.  These  are  the  only  remarks  I 
have  to  make. 

The  Pbesident  :  Mr.  Bernacchi  allows  about  50  miles  of  width. 

Sir  Joseph  Hookeb  :  Tes.  I  should  like  to  ask  Mr.  Bernacchi  if  Mr.  Borch- 
grevink's  party  saw  any  appearance  of  these  mountains  seen  by  Boss  from  the 
extreme  eastern  edge  of  the  barrier  ? 

Mr.  Bebnagchi  :  No,  none  at  all. 

The  Pbesident  :  Were  you  as  far  east  as  Boss  ? 

Mr.  Bebnagchi  :  No ;  within  30  miles  of  Ross. 

Dr.  Blanfobd:  I  have  not  had  time  to  look  at  the  geological  specimens 
exhibited  by  Mr.  Bernacchi ;  but  the  additional  facts  that  have  been  obtained 
concerning  sedimentary  rocks  and  their  resemblance  to  some  of  the  Australian 
rocks  are  very  interesting,  and  will  lead  to  further  identification.  Of  course,  the 
most  interesting  fact  about  the  antarctic  land  area  is  the  probability  that  this  at 
one  time  has  formed  part  of  either  South  America  or  Australia,  or  probably  of  both ; 
because  if  it  was  not  land  at  one  time,  and  land  which  was  not  entirely  covered 
with  ice,  it  is  very  difficult  to  understand  how  some  curious  connections  between 
the  animal  life  of  South  America  and  Australia  can  have  originated.  The  fact 
that  one  of  the  great  groups  into  which  the  marsupials  are  divided  is  only  repre- 
sented in  South  America  and  Australia,  is  in  itself  extraordinary ;  and  it  appears, 
from  some  recent  observations,  that  the  number  of  South  American  forms  allied 
to  the  Australian  marsupials  is  much  greater  than  we  in  past  times  supposed. 
Then  another  curious  fact  is  with  regard  to  the  homed  tortoise  MioUmia,  of  which 
remains  have  only  been  found  in  Australia  and  South  America.    There  are  other 
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points  of  connection  in  past  times,  and  there  is  quite  sufficient  similarity  between 
the  fitunas  of  the  two  areas  to  make  it  highly  probable  that  at  one  time,  when, 
perhaps,  the  southern  hemisphere  contained  more  land  than  it  does  at  present, 
and  the  northern  contained  less,  there  was  land  union  between  South  America 
and  Australia.  I  think  that  the  interest  attaching  to  the  glaciers  and  the  ice- 
harrier  is  also  a  geological  question.  Just  as  one  of  the  most  important  discoveries 
of  the  century  was  made  when  Nordenskiold  penetrated  into  the  interior  of  Green- 
land, 80  I  think  it  is  very  probable  that  some  equally  important  discoveries 
remain  to  be  made  when  we  know  something  of  the  interior  of  the  antarctic 
land.  Whether  it  is  a  continent  or  merely  an  archipelago  of  large  islands,  is 
one  of  the  questions  that  remain  to  be  solved  in  the  antarctic  area,  and  the  ex- 
ceedingly novel  and  interesting  views  which  Mr.  Bemacchi  has  brought  before  «us 
about  that  enormous  mass  of  ice  throw  an  entirely  new  light  upon  the  whole 
sabject.  The  ice  may  be  either  the  edge  of  a  great  glacier  coming  down  from  the 
land  to  the  south ;  or  it  may  be,  as  Mr.  Bernacchi  has  suggested,  a  mass  of  glacier 
ioe  pushed  out  to  sea,  or  it  may  be  a  mass  of  floating  ice  filling  a  soimd  between 
two  large  islands.  It  is  very  satisfactory  to  hear  that  it  can  be  easily  explored ; 
and  if  it  can  be  penetrated  from  150  to  200  miles,  it  will  at  once  be  shown  what 
its  real  nature  is.  If  it  is  a  glacier,  the  surface  will  rise  rapidly  towards  the 
south ;  if  it  is  a  floating  mass  pushed  off  from  the  land,  the  surface  will  not  rise 
rapidly,  but  will  probably  remain  for  a  considerable  distance  very  nearly  at  the 
same  level. 

Admiral  Sir  Gsorge  Nabes  :  With  regard  to  Robertson  bay,  we  are  told  of  a 
remarkable  double  tongue  of  compact  crystallized  ice.    Can  Mr.  Bernacchi  tell  us, 
was  that  likely  to  have  been  a  summer  river  either  at  the  spot  or  further  back, 
and  that  it  has  been  pushed  forward  by  the  glaciers  ? 
Mr.  Bebnagchi  :  No,  I  do  not  think  so. 

Admiral  Sir  Leopold  M'CLmrooK  :  May  I  ask  the  lecturer  if  he  would  kindly 
give  ns  some  information  of  the  animal  life  to  be  found  far  south,  as  it  is  very 
important  to  know  whether  food  could  be  obtained  for  men  or  dogs  who  might 
have  to  pass  the  winter  there.  You  mentioned  penguins,  but  I  take  it  they  only 
visit  the  coast  in  the  summer  season? 

Sir  Ebasmus  Ommannet  :  I  should  like  to  ask  whether  you  made  any  ex- 
ploration along  the  coast  to  the  westward  of  Gape  North,  or  did  you  see  beyond 
that  anything  like  the  ice-barrier  which  was  observed  to  the  eastward  ?    I  pre- 
some  the  exploration  of  the  coast  was  made  under  sea  navigation,  wasn't  it  ? 
Mr.  Bernacchi  :  Tes,  most  of  it. 

Sir  Ebasmus  Ommannet  :  Did  you  make  any  use  of  the  dogs  ? 
Mr.  Bebnagchi  :  Oh  yes,  in  Bobertson  bay  only.  In  reply  to  a  remark  of 
Sir  Joseph  Hooker  with  regard  to  the  Parry  moimtains,  I  may  say  the  snow-cap 
on  the  mountains  is,  I  think,  sufficient  to  force  such  a  large  mass  of  ice  as  the  great 
ice^barrier  towards  the  sea.  We  must  remember  that  there  are  no  slopes  to  the 
west  of  the  mountain  ranges  in  South  Victoria  Land,  that  there  are  only  slopes 
to  the  east,  and  that  there  is  a  large  body  of  snow  and  ice  moving  from  the  west 
right  over  the  summits  of  the  mountains,  so  that  that  would  be  quite  sufficient 
to  force  a  large  mass  of  ice  eastwards.  Then,  in  reply  to  a  question  put  by 
Admiral  Sir  Leopold  M'Glintock,  of  course  I  am  not  very  conversant  with  zoology 
or  with  animal  life,  but  I  can  say  there  are  no  land  animals  to  be  found  in  South 
Yietoria  Land ;  but  there  are  plenty  of  seals  along  the  shore-line,  both  in  summer 
time  and  winter,  and  they  are  always  available  as  food  for  dogs  and  human  beings, 
and  the  penguins,  which  can  be  procured  during  four  months  of  the  year,  are  also 
available  as  food  for  sledge-parties.    And  then  I  think  Sir  Erasmus  Ommaney 
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asked  a  question  with  regard  to  explorations  in  the  direction  of  Gape  North.    I 
am  very  sorry  to  say  that  no  expeditions  were  iindertaken  towards  Gape  North. 
I  do  not  know  for  what  reason.    The  commander  was  requested  to  allow  permission 
to  undertake  expeditions  to  Gape  North  by  various  members  of  his  staff,  but  for 
some  reason  he  did  not  grant  that  permission.    There  is  no  doubt  we  could  ha?e 
imdertaken  these  expeditions,  because  the  surface  of  the  ice  was  not  hummocky 
in  that  direction,  and  was  perfectly  secure,  and  remained  so  until  late  in  December. 
And  then  with  regard  to  an  ice-barrier  to  the  west  of  Gape  North,  of  coarse  I 
have  not  seen  the  barrier,  and  know  absolutely  nothing  about  it,  but  I  believe 
the  barrier  was  seen  by  Wilkes  and  Dumont  d'Uryille.    In  the  first  place,  I  think 
some  of  ^Wilkes*' ice-barriers  and  lands  are  extremely  improbable.     Sir  James 
Ross  has  proved  that  some  of  his  lands  did  not  exist,  so  also  did  the  expedition  of 
the  Challenger.    Of  course  Dumont  d'Orvillo  was  more  reliable,  and  there  is  no 
doubt  there  is  an  ice-barrier  from  Gape  North  westward,  and  I  believe  the  length 
of  it  is  about  90  miles.    We  can  account  for  that  in  the  same  way  as  we  can 
account  for  the  great  ice-barrier,  for  I  believe  most  of  the  mountain  ranges  seen  by 
Dumont  d'Urville  run  north  and  south,  not  east  and  west,  and  appear  to  be  a  con- 
tinuation of  the  Australian  continent,  for  nearly  all  the  mountain  ranges  in  Australia 
and  New  Zealand  run  north  and  south.    And  then  the  same  theory  of  the  ico- 
tongue  moving  from  the  mountain  slopes  would  apply  to  that  ice-barrier,  as  it  does 
to  the  great  ice-barrier.    Of  course,  there  is  no  doubt  that  a  very  large  field  for 
exploration  still  remains  in  the  antarctic  regions,  and  the  expeditions  of  the  Southern 
Cro88  and  the  Belgioa  have  not  added  very  much  to  our  actual  geographical  know- 
ledge of  these  regions.     The  expeditions  which  are  about  to  sail  from  England  and 
Germany  have  a  field  for  exploration  greater  than  the  whole  of  Australia,  and  the 
scientific  results  which  would  accrue  from  the  exploration  of  so  extensive  and  un- 
known a  polar  track  must  be  very  great ;  and  surely  we  cannot  boast  of  any 
brighter  chaplet  than  that  which  has  been  gained  in  the  field  of  scientific  and 
geographical  research.    Explorations  in  the  antarctic  can  have  little  commercial 
value,  for  a  more  barren  spot  could  scarcely  be  conceived.    As  for  gold — ^well,  in 
the  first  place,  you  have  got  to  find  it,  a  most  unenviable  task,  and  you  would 
fully  deserve  it  if  you  were  successful.    But  I  do  not  think  any  rational-minded 
person  would  for  a  moment  entertain  so  wild  and  picturesque  an  idea,  as  that  of 
discovering  a  second  Eldorado  in  South  Victoria  Land. 

The  President  :  There  were  glittering  stones,  were  there  not  ? 

Mr.  Bernaccui  :  Yes,  but  I  don't  think  it  was  gold.  Nor  would  the  most 
ardent  advocate  of  imperial  expansion  look  to  the  territory  surrounding  Mounts 
Erebus  and  Terror  as  a  sphere  for  his  ideas. 

The  President  :  I  think  I  may  congratulate  the  meeting  on  having  listened  to 
an  extremely  interesting  paper,  and  also  an  important  paper  from  a  geographical 
point  of  view.  In  the  first  place,  the  lecturer  appears  to  have  cleared  up  the 
question  respecting  the  difierence  between  Russel  islands  and  Balleny  islands. 
Then  he  has  given  us  a  clearer  description  of  Robertson  bay  and  Gape  Adare  and 
Duke  of  York  island  than  we  had  previously  received.  His  description  of  the 
excellent  winter  quarters  in  Wood  bay  is  important.  And  it  must  be  very 
gratifying  to  Mr.  Bemacchi  to  find  that  his  theory  respecting  the  great  ice-barrier 
has  received  the  attention  of  Sir  Joseph  Hooker  and  Dr.  Blanford,  who  have  both 
expressed,  at  all  events,  their  very  great  interest  in  it.  I  am  sure  you  will  all 
cordially  pass  a  vote  of  thanks  to  Mr.  Bemacchi  for  his  very  interesting  paper. 
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The  basis  of  thifl  Bibliography  is  the  portion  of  the  Subject  Catalogue 
of  the  Library  of  the  Boyal  Geographical  Society  dealing  with  the 
Antarotic  Begions.  Many  important  papers  bearing  on  Antarctic 
exploration  are  not  to  be  found  in  the  Library,  and  an  attempt  has 
been  made  to  render  the  Bibliography  complete  by  referring  to  Cha- 
Tanne's  '  Literature  of  the  Polar  Begions '  (No.  386),  Baschin's  annual 
'  Bibliotheca  Geographioa,'  the  geographical  bibliographies  in  Peter- 
manna  Miiteilungeny  and  to  other  works  of  reference. 

It  was  necessary  to  compile  the  Bibliography  rapidly,  and  hence  it 
was  impossible  to  attempt  to  verify  every  title  by  reference  to  the 
original,  or  to  hunt  out  a  number  of  papers  the  existence  of  which  was 
indicated  somewhat  uncertainly.  Thus  while  we  believe  that  no  im- 
portant book  or  paper  dealing  with  the  Antarctic  Begions  has  escaped 
attention,  we  cannot  say  positively  that  all  of  minor  importance  are 
included.  We  believe  that  there  must  be  narratives  of  the  voyages  of 
British  and  American  whalers  and  sealers  hidden  away  in  many  for- 
gotten magazines  and  journals  of  local  societies  between  the  dates  1 820 
and  1840,  the  unearthing  of  which  would  cost  much  time  and  trouble. 

In  making  the  Bibliography  as  complete  as  it  is,  the  compiler  is 
indebted  to  his  successor  as  librarian  of  the  Boyal  Geographical  Society, 
Mr.  E.  Heawood,  and  to  Herr  Otto  Baschin,  M.  Henryk  Ar^towski,  M. 
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Baoovitza,  and  other  friencb,  who  were  kind  enough  to  look  through 
the  proofs  and  suggest  additions. 

The  arrangement  is  ohronological  with  regard  to  the  year  of  publi- 
cation. In  each  year  the  works  are  arranged  alphabetically  nncler  the 
authors'  names;  the  comparatively  few  anonymous  writings  being 
placed  at  the  end  of  each  yearly  list  ¥rithout  any  systematic  arrange- 
ment. 

A  full  index  of  the  names  of  persons,  and  another  of  ships,  men- 
tioned in  the  titles  have  been  added,  so  that  when  the  date  is  unknown, 
many  expeditions  of  which  the  name  of  the  leaders  or  of  the  ships  are 
known,  although  the  dates  are  forgotten,  may  be  readily  found. 

In  the  Bibliography  no  title  of  honour  is,  as  a  rule,  prefixed  to  a 
name,  and  never  one  to  which  the  person  referred  to  was  not  entitled 
at  the  date  of  publication.  In  the  Index,  however,  distinctive  titles  are 
prefixed  to  assist  in  fixing  identity. 

As  it  frequently  happens  that  the  account  of  a  voyage  is  not  pub- 
lished until  long  after  it  has  taken  place,  a  Chronological  List  of  Ant- 
arctic Voyages  has  been  drawn  up  in  as  concise  a  form  as  possible. 

There  has  thus  been  produced  for  the  first  time  a  compendious 
index  to  the  material  available  for  the  complete  history  of  the  Antarctic 
Regions  up  to  the  close  of  the  nineteenth  century,  and  the  dawn  of 
what  may  be  confidently  expected  to  prove  an  era  of  discovery  far 
more  important  than  any  that  has  gone  before. 


CHRONOLOGICAL  LIST  OF  ANTARCTIC  VOYAGES  PROM 

1701  TO  1900. 

1716.  Le  Gentil  de  la  Baebikaib  reached  61^  30'  S. 

1719.  Geobge  Shelvoke  reached  ^V^  30'  S. 

1722.  Jakob  Boogeween  reached  62'^  SC  S.,  and  one  of  his  shipB,  the  3%t<7nAotwi,  is 
reported  to  have  reached  64°  58'. 

1738-39.  LoziER  Bouykt  in  the  Aigle  and  Hat  in  the  Afane  disooTered  Gape  Cir- 
cumcision  in  54°  S.,  4°  E. ;  and  went  on  to  57°  S. 

1766.  The  Spanish  merchant  ship  Leofi  rediscovered  hk>uth  Georgia. 

1771-72.  Marion  du  Freznk  and  Crozet  sailed  from  Cape  of  Good  Hope  to  New 
Zealand,  discovering  Marion  and  Crozet  islands. 

1772.  Yves  Joseph  de  Kerouelen-Tr^mabec  discovered  Kergnelen  Land. 

1772-76.  James  Cook  and  Tobias  Furneaux  in  H.M.SS.  UeaohAion  and  Advenivre^ 
circumnavigated  the  world  in  as  high  a  southern  latitude  as  possible.  The 
staff  of  the  ships  included,  as  scientific  observers,  Johann  Beinhold 
FoRSTER,  his  son  Georo  Forster,  for  part  of  the  time  the  Swede  Andrew 
Sparrmann  and  the  English  astronomers  William  Wales  and  William 
Baylet.  The  extreme  points  reached  by  the  expedition  were  67°  31'  S.  in 
142°  54'  W.  and  71°  10'  S.  in  10G°  54'  W. 
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1778-74.  Second  voyage  of  Kebouelen  to  KerguelcD  Land,  accompanied  by  d'Agelet 

LE  Padte. 
1806.  JAlfES  LiNDBAT  in  the  Snoto  Sioan  and  Thomas  Hoppeb  in  the  Otter,  sent  out  by 

MesBrs.  Endbhbt,  rediscovered  Bonvet's  islands. 
1819.  WiUiiAM  Smith,  while  on  a  voyage  from  La  Plata  to  Valparaiso,  discovered  the 

South  Shetlands,  and,  on  his  return  voyage,  Lieut.  Bbansfibld,  R.N., 

acoompaniod  him,  and  made  a  survey  of  the  group. 
1819.  James  Suetfield,  on  the  American  brig  Henilia,  visited  the  South  Shetlunds 

on  a  sealing-trip ;  and  for  some  years  the  neighbouring  lands  wore  regularly 

visited   by  British  and    American  sealers,  including  Walkeb,  Palmeb, 

Pendleton,  and  Powell. 
1819-91.  Fabian  Gottlieb  Bellinobhauskn,  in  command  of  the  Russian  man-of-war 

Vottokf  and  Lazaeeff,  in  command  of  the  Mirny,  visited  South  Georgia, 

and  circumnavigated  the  Earth  in  a  high  latitude,  reached  G&°  21'  S.  in 

2°  15'  W.,  and  69°  53'  S.  in  92°  19'  W.,  discovered  Peter  I.  island  and 

Alexander  I.  Land,  and  sailed  over  46°  of  longitude  within  the  Antarctic 

drole. 
1882-84.  James  Weddell  in  the  brig  Jane^  accompanied  by  M.  Bbisbane  in  the 

cutter  Beaufoyy  reached  74°  15'  S.  in  34°  17'  W.,  and  found  open  sea  with 

almost  no  ice  in  sight 
1888-8a  Henbt  Foster  in  H.M.S.  Chanticleer  visited  Deception  Island  in  South 

Shetlands.    The  island  was  described  by  £.  N.  Kendall.     * 
1880  (?>  Edmund  Fanning,  with  the  American  brigs  Seraph  and  Annawan,  visilod 

the  west  coast  of  Graham  Land. 
1880-88.  John  Biscoe,  in  the  brig  Tula,  accompanied  by  the  cutter  Lively,  sighted 

land  in  66°  2'  S..  43°  54'  E.,  and  also  in  67°  15'  S.,  68°  20'  W. ;  making  a 

circumnavigation  in  high  latitudes. 
1838-88.  Lieut.  Bea,  B.N.,  with  two  of  the  Enderby's  ships,  set  out  to  continue 

Biaooe's  researches,  but  the    expedition   did  not  get  beyond  the  South 

Shetlands. 
1883,  Lieut.  Bbinbtead,  R.N.,  with  the  schooner  Eopetcell  and  the  cutter  Ra$e,  fitted 

out  by  the  Enderbys  with  the  co-operation  of  the  British  Admiralty,  sighted 

land  between  65°  and  70°  S.,  in  10°-20°  W.  (?). 
1883.  Kemp,  a  sealer,  found  land  in  66°  S.,  59°  30'  E. 
1888-89.  John  Balleny,  In  the  schooner  Elixa  Scott,  with  H.  Fbeeman  in  the  cutter 

Sahrina,  were  sent  out  by  the  Enderbys,  reached  69°  S.  in  172°  11'  E.,  and 

discovered  the  Balleny  iidands  and  other  land. 
1887-40.  J.  DuMONT  d'Ubville,  in  the  French  corvette  ABtrolahtiy  and  Jaoquinot  in 

the  Zel^e,  explored  the  Weddell  sea  region,  and  also  discovered  Ad^lie  Land 

and  tlie  Glarie  coast. 
1888-40.  Chablrs  Wilkes,  in  command  of  a  U.S.  squadron,  consisting  of  the  Fin. 

eenneSy  Porpoise,  Seagull,  Peacock,  and  Flying  Fish,  explored  to  the  south 

and  west  of  Palmer  Land,  and  reported  Wilkes'  Termination  Land  south  of 

the  Indian  ocean. 
1888-41.  Jameb  Clark  Bosd  and  FiiANCis  Cbozieb,  in  Il.ftf.SS.  Erebua  and  Terror, 

discovered  Victoria  Land,  circumnavigated  in  high  latitudes,  and  reached  a 

farthest  south  of  78°  10'  S.  in  161°  27'  W.,  and  in  Weddell  sea  reached 

71°  30'  S.  in  15°  W.    Robebt  MoOobmick  and  Joseph  Dalton  Hooker 

were  on  board  as  surgeons  and  naturalists. 
1848.  Willlam  G.  Smilet,  American  sealer,  visited  Deception  island,  and  sailed 

round  Palmer  Land. 
1846.  J.  L.  MooBE  in  the  Pagoda  reached  67°  51'  S.  in  39°  40'  on  a  special  magnetic 

survey. 
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1873-74.  Dallmann  in  the  whaler  GrOtdand,  sent  out  by  a  German  company,  vidtod 
Palmer  Land  and  discovered  the  entrance  to  Bismarck  strait. 

1874.  Sib  Geobge  Nabkb,  in  H.M.S.  Challenger,  first  crossed  the  Antarctic  circle  by 
steam,  and  reached  66°  40'  in  78°  30'  E. 

1892-93.  The  Dundee  Whaling  Fleet,  consisting  of  the  Balaena  (FaibweathebX 
Active  (Bobkbtbon),  Diana  (Davidson),  and  the  Polar  <Stor,.  visited  Louis 
Philippe  Land.  Scientific  observations  were  made  by  Williak  S.  Bbuce 
and  Chablbs  W.  Donald,  and  paintings  by  W.  G.  Bubn  Mubdooh. 

1892-93.  Lbonabd  Labsen,  in  the  Norwegian  whaler  Jtuony  sent  out  by  a  German 
company,  visited  Louis  Philippe  Land  and  the  Weddell  sea. 

1893-94.  Leonabd  Labsen  in  the  Jaion  reached  68°  10'  S.  in  59°  59'  W.  on  the  east 
coast  of  Graham  Land. 

1893-94.  Evensen  in  the  Eertha^  and  Pedebsen  in  the  Castor,  sailed  along  the  west 
side  of  Graham  Land,  Evensen  reaching  69°  10'  S.  in  76°  12'  W. 

1894-95.  Leonabd  Ebistensen,  in  the  Norwegian  whaler  Antarctic,  with  0.  E. 
BoBCHOBEviNK  ou  board,  revisited  Victoria  Land  and  landed  at  Gape  Adare 
and  on  Possession  Island. 

189*7-99.  Adbien  db  Geblaohe,  in  the  Bdgica,  discovered  and  surveyed  Belgioa 
strait,  and  drifted  for  a  year  in  the  ice  to  the  west  of  Graham  Land,  reaching 
71°  36'  8.  in  87°  39'  W.,  and  spending  the  first  winter  in  the  Antarctic 
Regions.  Lecointe,  AB9TOW8K1,  Baoovitza,  and  F.  A  Oook  took  part  in 
the  expedition. 

1898-99.  Gael  Ghun,  on  the  ValAivia,  rediscovered  Bouvet  island,  and  reached 
64°  15'  S.  in  54°  20'  E.,  although  in  an  unprotected  steel  vesseL  Gbbhabd 
SoHOTT  was  the  oceanographer  of  the  expedition.  * 

1898-1900.  Gabstens  Eokbebg  Bobohgbevink,  in  the  Souihem  Cross,  fitted  oat  by 
Sib  Geobgb  Newnsb,  landed  and  wintered  at  Gape  Adare.  He  landed  on 
the  southern  ice-barrier,  and  reached  78°  50'  in  165°  W.  Louis  Bbb- 
NAccHi  and  William  Golbeok  took  part  in  the  expedition,  with  Gaftaik 
Jensen  as  sailing  master. 


ABBREVIATIONS  USED  IN  THE  BIBLIOGRAPHY. 

Tub  system  of  abbreviations  is  that  introduced  in  the  Geographical  Journal,  and  now 
employed  with  little  modification  in  the  geographical  publications  of  all  countries. 


A.  =  Academy,  Academic,  Acca- 
demia,  Akadomie. 

Abh.  or  Abhand.  =  Abhandlungen. 
Ann.  =  Annals,  Annales,  Annalen. 

B.  =  Bulletin,  Bollettino,  Boletim. 

0.  =  Cougress. 

G.  Rd.  =  Gomptes  Bendus  (if  alone, 
it  refers  to  the  Paris  Academy  of 
Sciences). 

Erdk.  =  Erdkunde. 

G.  =  Geography,  Geographic,  Geo- 
grafia.  Geographical,  etc 

Ges.  =  Gesellschaft. 

1.  =  Institute,  Institution,  Institute. 
Imp.  =  Imperial. 

Iz.  =  Izvestiya. 


J.  =  Journal. 

k.  u.  k.  =  kaiserlich  und  koniglich. 

M.  =  Mitteilungen. 

Mag.  =  Magazine. 

Mom.  =  Memoirs,  M^moires. 

Met  =  Meteorological,  Meteorology. 

P.  =  Proceedings. 

R.  =  Boyal,  royale. 

Kev.  =  Review,  Revue. 

8.  =  Society,  Soci€t^  Selskab. 

T.  =  Transactions. 

V.  =  Verein. 

Yerh.  =  Yerhandlungen. 

W.  =  WlBsenschaft. 

Z.  =  Zeitschrift. 

Zap.  =  Zapiski. 
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Before  1700. 

1.  De  Wit,  F.    General  Map  of  the  Goud tries  lying  round  the  South  Pole. 

Amsterdam,  1660  (?).    [Map,"] 

1a.  HerPera,  Antoine  de.  Description  des  Indes  Ocoidentales,  qu'on  appelle 
aujourdhuy  le  Nouveau  Moude.  Translat^e  d'fispagnol.  Amsterdam : 
Michel  Colin,  1622. 

2.  JanssonlUS.    Polus  Antarcticus.    Amsterdam,  1657.    [Jfop.] 

3.  Jansz,  Bernard.    Historlsche   Relation  alles  dessen  was  den  5  Schifien 

welche  1598  von  Rotterdam  abgofertigt  worden,  begegnet,  &c.  De  Bry's 
Samvfdung  von  Beisen  nach  America,  9  Theil.     Oppenheim,  1601. 

4.  Narborough,  John,  Capt  Jasmin  Tasman,  Capt  Wood,  and  Fred. 

Marten  of  Hamburg.  An  account  of  several  late  voyages  to  the 
south  and  noitb,  towards  the  Strait  of  Magellan,  the  South  sea,  the  vast 
tracts  of  land  beyond  Hollandia-Nova ;  also  toward  Nova  Zembla, 
Spitsberg,  Groynlaud,  etc.  8*".  London,  1674.  Other  editions  with 
charts  and  figures,  1694, 1711, 1724. 

5.  Qoir,  F.  F.  de.    Narratio  de  terra  australi  incognita  et  de  terra  Samoie- 

darum  et  Taugusiorum  in  Tartaria.    4°.    Amsterdam^  1613,  1617. 

6.  Seller,  John.    A  Work  on  Northern  and  Southern  Navigation,    fo.    Lon- 

don, 1671. 

7.  Valk,  6.,  and  P.  Schenk.    Map  of  the  Regions  lying  round  the  South 

Pole.    Amstelodaini,  1690  (?).    [Majh] 


1700-1750. 

8.  B[r0SSe,  Charles  ?]  de.    Histoire  de  TExp^dition  de  trois  vaisseaux  en- 

voy^ par  la  Compaguie  des  Indes  Occidentales  dos  Provinces-Unies 
aux  Terres  Australes  en  mdccxxi.    La  If  aye,  1739. 

9.  Campbell,  John.  Voyages  and  Travels;  containing  all  the  Circumnavigators 

from  the  time  of  Colombus  to  Lord  Anson  ;  a  complete  History  of  the 
East  Indies,  Historical  details  of  the  several  attempts  made  for  the 
discovery  of  the  North-East  and  North- West  |)as8age ;  the  commercial 
History  of  Chorea  and  Japan ;  the  Russian  discoveries  by  land  and  by 
sea ;  a  distinct  Account  of  America.    2  vols.    fo.    London,  1744. 
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10.  Delisle  (rAin^).    Determination  g^grapbique  de  la  situation  et  de  Tetendue 

de3  dififerents  parties  de  la  terre  [especially  the  Polar  regions].    Mim, 
AM.  Sci,  Pans  (1720),  365-384. 

11.  Delisle,  Guillaume.    Hdmisphdre  Meridional.    Parts,  1714.    [Map.'\ 

12.  Le  Maire»  J.    Beise,  eine  neue  Durcbfahrt  siidwarts  unter  der   Magel- 

lanisclien  Strasse  zu  entdecken,   1615-16.     Allgemeine   ITistorie  der 
lieisen,  vol.  2,  book  2.     1747-77. 

13.  Moll,  Hermann.    South  Pole.    fo.    London,  1700  (?).    [Map,'] 


14.  Relation  d'un  voyage  du  Pole  arctique  au  P61e  antarctique.   8".   Amsterdam, 

1721. 

1751-1770. 

15.  Brosses,  Charles  de.    Histoire  des  Navigations  aux  Terres  Australes. 

2  vols.  4^  Paris,  1751.  [Also  1766,  1761,  and  German  translation 
by  Adeluny,  1767.] 

16.  Buache,  Philippe.    Cartes  des  Terres  Australes  comprises  entre  le  Tropique 

du  Capricorne  et  le  Pole  Antarctique,  oil  se  voyent  les  nouvelles  dtou- 
vertes  faites  en  1739  au  Sud  du  Capde  Bonne  Esp^rance;  dress^e  sur  la 
Carte  de  M.  de  Lozier  Bouvet,  1739.     La  m^me  augment^,  1754. 

17.  .    Considerations  g^ographiques  et  physiques  sur  les  terres  Australes 

et  Antarctiques.    MS^m.  A.  Sci,  Paris  (1755),  17-20. 

18.  .    Observations  gdographiques  et  physiques,  ou  I'on  donne  una  id^ 

de  Pexistcnce  des  terres  antarctiques  ot  de  leur  Mer  glaciale  intdrieure. 
Avoc  quelqucs  remarques  sur  un  globe  physique  en  relief,  d'un  pied  de 
diamctre  qui  sert  de  module  pour  celui  de  neuf  pieds.  M^,  A,  Sci, 
Paris  (1757),  190-203.     Maps, 

19.  Dalrymple,  Alexander.    An  account  of  the  discoveries  made  in  the  South 

Pacific  Ocean  previous  to  1764.    Maps  and  Plates,    London,  1767. 

20. .    An  historical  collection  of  the  several  Voyages  and  Discoveries  in 

the  Southern  Pacific  Ocean.    2  vols.    4'.    London,  1770-71. 

21.  .    A  letter  to  Dr.  Hawkesworth  occasioned  by  some  groundless  and 

illiberal  imputations  in  his  account  of  the  late  Voyages  to  the  South. 
8^    London,  1773. 

22.  MaupertuiS,  P.  L.  M.  de.    Leltre  sur  les  progr^  des  sciences.    [Contains 

a  summary  of  the  problem  of  the  antarctic  regions.]  (Euvres  de  M,  de 
Naupertuis.  Lyon,  1756,  vol.  2,  343-399.  [Summarized  by  Bainaud, 
No.  540.] 

23.  Beobachtungen  wegen  des  Eises  in  denen  Meeren,  welche  an  die  Pole 

grenzen.     Allgemeine  Histoire,  18.    1747-77. 

24.  Observations  geographiques  et  physiques.   (Terres  antarctiques.)   Histoire 

A,  Sci,  Paris  (1757),  143-144. 
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1773. 

25.  Hawkesworth,  John.    An  account  of  the  Voyages  undertaken  by  the 

Order  of  His  Present  Majesty  for  making  Discoveries  in  the 
Southern  Hemisphere,  and  successfully  performed  by  Com.  Byron, 
Capt.  Wallis,  Capt.  Carteret,  and  Capt.  Cook,  in  the  Dolphin,  the 
Swallow,  and  the  Endeavour.  Drawn  up  from  the  Journals  which 
were  kept  by  the  several  Commanders,  and  from  the  Papers  of  Joseph 
Banks,  Esq.  3  vols.  Maps  and  Plates,  4^  London:  Strahan^ 
1773. 

26.  Vaugondy,  Sr.  do.    Hemisphere  Austral  ou  Antarctique :  dressd  sous  les 

yeux  du  Due  de  Croy.    1773.    [MapJ] 


1774. 

27.  HawkeswOFth,  John.  Relation  des  voyages  entrepris  par  ordre  de  S.  M. 
Britannique,  pour  faire  des  decouvertes  dans  Th^misphdre  meridional,  et 
succcssivement  ex^cutds  par  le  Commodore  Byron,  le  Capitaine  Carteret, 
le  Capitaine  Wallis  et  le  Capitaine  Cook,  dans  les  vaisseaux  le  Dauphin, 
le  Swallow  et  TEndeavour.  Traduite  de  I'anglois  par  J.  B.  Suard. 
4  vols.  4*.  Paris :  Saillant  &  Nyon^  1774 ;  Lausanne,  1774 ;  Amsier' 
dam :  E,  v.  Ilorrevelty  1774. 

28. .   Geschichte  der  Seereisen  und  Entdeckungen  im  Sildmeer.  Bilscliing, 

Nachrichten,  Berlin,  2  (1774),  109, 113, 126,  270,  281-289. 


29.  Entdeckungen  im  Sildmeer.    Biisrhing,  Nachrichtcn,  Berlin,  2  (1774),  22G, 

248,  255,  256,  261. 

30.  Karten  von  den  neuen  Entdeckungen  im  Sildmeer.     Biisching,  Narhrichtenj 

Berlin,  2  (1774),  271. 

31.  SUdpol ;  Wie  weit  man  gegen  denselben  gekommen  sei.    Biisching,  Nach- 

richten,  Berlin,  2  (1774),  227. 

1775. 

32.  Cook's  Beise  um  die  Erde,  beendet.     Biisching,  Nachrichten,  Berlin^  8 

(1776),  235. 

1776. 

33.  Le  Monnier.    Nouvelles  preuves  que  lo  Cap  de  la  Circoncision  existe  par 

nne  latitude  australe  de  54  degrees  et  que  sa  longitude  geographique  a 
^t^  suppose  jusqu'ici  trop  grande  d*environ  7  degr^s.  Mem,  A.  Sci, 
Paris  (1776),  665-670.    Map, 


34,  Sup  le  Cap  de  la  Circoncision.    Histoire  A.  Sci,  Paris  (1776),  38. 
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1777. 

35.  Cook,  James.    A  voyage  towards  the  South  Pole  and  round  the  World, 

performed  in  His  Majesty's  ships  the  ''  Resolution  "  and  '^  Adventure," 
in  the  years  1772-1775,  in  which  is  included  Captain  Fumoaux*s  narra- 
tive of  his  proceedings  in  the  '*  Adventure  "  during  tbe  separation  of 
the  ships.  3  vols.  Plates.  London:  D,  WhiiCj  1777.  2nd  edit., 
2  vols.  4%  1778, 1779. 

36.  .    Journal  du  second  Voyage  du  Gap.  Cook  sur  les  v^sseaux  "la 

R&olation  "  et  "  TA venture ; "  entrepris  par  ordre  de  S.M.  Brittanique, 
dans  les  anndes  1774  et  1775  trad,  de  Tangl.  par  A.  F.  L.  Freville. 
Map,    S\    Amsterdam  et  Paris :  Pissot^  Vlll, 

37.  Forster,  George.    A  Voyage  round  the  World  in  H.M.  sloop  "Resolution," 

commanded  by  Capt.  Cook,  1772-75.    Map,    2  vols.  4*.    London^  1777. 

38.  Furneaux,  Tobias.    Narrative    from    the    time    the   two    ships  were 

separated  to  their  joining  again  in  Queen  Charlotte's  Sound  .  . .  chap, 
vii.  book  i.  in  vol.  2 ;  and  Narrative  of  his  proceedings  in  the  Adventure 
from  the  time  ho  was  separated  from  the  Resolution  to  his  arrival  in 
England  .  .  .  chap.  viii.  boqk  iv.  in  vol.  2  of  Cook's  ^  Voyage  towards 
the  South  Pole.*    London,  1777. 

39.  Wales,  William,  and  William  Bayley.    The    Original    Astronomical 

Observations  made  in  the  course  of  a  Voyage  towards  the  South  Pole 
and  round  the  World,  in  H.M.S.  "  Resolution  *'  and  **  Adventure,"  in 
the  years  1772-75.  Published  by  order  of  the  Board  of  Longitudes. 
4^    London,  1777.     2nd  edit.,  1784. 


1778. 

40.  Cook,  James.     Reis  naar  de  Zuidpool  en  rondom  de  weereld,  gedaan  op 

bevel  van  zijne  Brittannische  Majesteit  met  de  schepen  de  '*  Resolution  " 
en  de  "  Adventure "  in  1772,  1773,  1774  en  1775,  waarbij  gevoegd  is 
Fumeaux's  verslag  van  deszelfs  reize  met  de  "  Adventures,"  nadat 
hetzelve  van  de  *'  Resolution "  was  afgeraakt.  Uit  het  Engelsch.  4". 
Rotterdam,  1778. 

41.  Crozet,  ~.    Nouveau  Voyage  ^  la  mer  du  Sud  sous  les  ordres  de  M.  Marion. 

8^     Pans,  1778. 

42.  Forster,  George.    Reply  to  Mr.  Wale's  Remarks  on  Mr.  F.'s  account  of 

Capt,  Cook's  last  Vojage  round  the  World.    4*.  London,  1778. 

43.  Forster,  John  Reinhold.    Voyage  second  dans  Th^misph^  austral  et 

autour  du  monde,  fait  sur  les  vaisseaux  de  roi  '^ TA venture "  et  ''la 
Resolution  "  en  1772-1775,  ecrit  par  Jacques  Cook,  dans  lequel  on  a 
inseru  la  relation  du  Capitaine  Furneaux  et  celle  de  M.  Forster.  Tra- 
duit  de  I'anglois  par  J.  B.  Ant.  Suard.  Ouvrage  enrichi  de  plans,  de 
cartes,  de  planches,  de  portraits  et  do  vues  de  pays  dessin^  pendant 
I'exiJ^ition  par  M.  Hodges.    5  vols.    Plates.    4'.    Paris,  1778. 
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44.  FOFSter,  John  Reinhold.    ObseryatioDu,  made  during  a  Voyage  round 

the  World,  on  Physical  Geography,  Natural  History,  and  Ethic  Philo- 
sophy.    4".     Plates,  London,  1778. 

45.  .    Observations  faits  pendant  le  secondo  voyage  du  Capt.  Cook.    Trad. 

de  I'anglais.    Paris,  1778. 

46.  Wales,  William.    Remarks  on  Mr.  Forster's  account  of  Captain  Cook's 

last  voyage  round  the  World.    8*.    London,  1778. 

47.  Zatta,  — .    Welt-Charten.    Bougainville's   176G-1769,  und  Cook's  1768- 

1771  neue  Entdeckungen  in  der  Sudsee.    Busching,  Nachrichten,  Berlin, 
6  (1778),  137,  267,  268. 

1779. 

48.  Le  Monnier,  — •    Second  Mdmoire  sur  le  Cap  de  la  Circoncision.    [54^  3' 

9.  lat.]    Mem.  A,  Sci.  Paris  (1779),  12-14. 

49.  .    Additions  aux  decouvertes  dej^  publices  sur  le  Cap  de  la  Circon- 
cision.   Mem,  A.  Sci.  Paris  (1779),  15-18. 


1781. 

50.  Tagebuch  oiner  Entdeckungsreise  nach  der  SUdseo  in  den  Jahron  1776  bis 
1780  unter  Cook,  Clerke,  Goto  und  King.  Biischinf/,  Nachrichien, 
Berlin,  9  (1781),  377,  385. 


1782. 

51.  KeFglielen,  Y.  J.  de.    Relation  de  Deux  Voyages  dans  ks  mers  Australes 

et  des  Indes,  faits  en  1771,  1772,  1773,  1774,  pp.  vii.  and  244.  8^ 
Paris :  Knapen  et  Fils,  1782. 

52.  Pages,  P.  M.  Fr.  de.    Voyages  autour  du  mondo,  ct  vers  lus  deux  ik>Ius  \y&T 

tcrrc  et  par  mor  pendant  les  annces  1767-76.  3  vols.,  Paris,  1778, 
1782 ;  2  vols.  S%  with  Maps,  Berne,  1782 ;  2  vols.,  German  translation, 
8%  Frankfurt  und  Leijyzif/ :    J.  G.  FleiscJier,  1786. 

53.  Zimmermann,  E.  A.    Reise  um  die  Welt  mit  Capt.  Cook.    8*".    Mann- 

heim,  1782. 

1783. 

54.  Cook,  James.    Sammandrag  af  Cap.  J.  Cook's  aren  1772-1775  onikring 
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